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Preface

Disclaimer

By downloadingtheprogramPDFgetN, you agreeo thetermsandconditionsconcerningts usespeci edin

thelicenseagreementhatis providedaspartof thedistribution. Enduserswishingto make commercialise
of the softwaremustcontactLibraries,Computing& Technology Michigan StateUniversity (MSU), East
Lansing,MI 48824;(517)353-072%rior to ary commercialdistribution to discussterms. The Software
is providedto End Userby MSU on an asis basis. No usersupportis provided or implied. MSU makes
no warranty expressor implied to enduseror to ary otherpersonor entity. Speci cally, MSU makesno
warrantyof merchantabilityor tness for a particularpurposeof the software. MSU will not beliable for

special,incidental,consequentialindirect or other similar damagesgven if MSU or its emplo/eeshave
beenadvisedof the possibility of suchdamagesiegardlessof theform of theclaim.
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Chapter 1

Intr oduction

1.1 What is PDFgetN?

Now you might have installedPDFgetN and can startit simply by typing PDFgetN if you are running
UNIX, or doubleclicking onthe PDFgetNiconin caseyouwork with Windows. However, in caseyou are
nota PDFwizardhereis alittle introductioninto the PDFmethod rst. Theremainingusersguideexplains
thevariousfeaturesof PDFgetN moredetail.

Thedeterminatiorof crystalstructuress animportantpartof chemistry physicsandof coursecrystal-
lograply. Corventionalstructuredeterminatioris basedon the analysisof the intensitiesand positionsof
Braggre ectionswhich only allows oneto determinethe long rangeaveiage structureof the crystal. Only
one-bodyinformationsuchasatomicpositions,site occupancieandtemperaturéactorscanbe extracted.
Determinationof the avelage structurebasedon powder diffraction datais now routinely doneusingthe
Rietveld (Rietveld, 1969)methodwhichis very similar to thefull pro le re nementof theatomicpair dis-
tribution function (PDF) aswe will seelater. It shouldbe keptin mind thatthe analysisof Braggscattering
assumes prefectlong rangeperiodicity of the crystal. However, mary materialsare quite disorderecand
even moreimportantthe key to the deepemunderstandingf their propertiess the studyof deviationsfrom
the avelage structureor the studyof thelocal atomicarrangementsDeviationsfrom the average structure
resultin the occurrencef diffusescatteringvhich containanformationabouttwo-bodyinteractiongWel-
berryandButler, 1995; Frey, 1995). In recentyearsthe analysisof diffuse scatteringfrom singlecrystals
aswell aspowdersusing computersimulationshave madegreatadvances,n particularusingthe Monte
Carlo(MC) andthe ReverseMonte Carlo (RMC) techniqug(WelberryandButler, 1995;Nield etal., 1995;
WelberryandProffen, 1998; Proffen andWelberry 1998,1997).

Another methodto reveal the local structureof a crystalsis the analysisof the PDFE This methodis
long known in the eld of studyingshortrangeorderin liquids andglassesut hasrecentlybeenapplied
to crystallinematerials(Egami, 1998; Billinge and Egami, 1993). The PDF is obtainedfrom the powder

diffractiondatavia a simpleFouriertransformof the normalizedscatteringntensityS(Q):
Z

1
G(r) = 4vx[Ar) i Y] = 1%4 . QIS(Q) i 1]sin(Qr)dQ; (1.1)
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CHAPTER 1. INTRODUCTION UsersGuide

whereY£r) is the microscopigpair density ¥ is the averagenumberdensityandQ is the magnitudeof the
scatteringvector For elasticscatteringit is Q = 4¥%sin(l)=, , with 2u beingthe scatteringangleand,
thewavelengthof theradiationused.Sincethe PDF containsBragganddiffusescatteringthe information
aboutlocal arrangements presered. The PDF canbe understoodisa bond-lengthdistribution between
all pairsof atomsi andj within the crystal(up to a maximumdistance) however eachcontribtution hasa
weight correspondingo the scatteringpower of the two atomsinvolved. In orderto carry out the Fourier
transformin (1.1) we would needto measuradataupto Q = 1 , which of courseis not possible.Thusthe
terminationat a valueof Q = Qmax Will causeso-calledterminationripplesin the PDFwhich, however,
caneasilybe modelled. With the availability of modernsynchrotronrand neutronsourcest is possibleto
collectpowderdiffractiondataup to high valuesin Q.

Once,a PDFis obtained thereare several waysto modelit. Most desirableis a methodbasedon a
structuralmodel. Two programghatwork directly with the outputof PDFgetNwill be mentionecdhere:(1)
PDFFIT, areal-spac&ietveld program(ProffenandBillinge, 1999)whichis usedfor re ning asmallstruc-
tural modeland(2) DISCUS(ProffenandNeder,1997)usinga ReverseMonte CarloapproaciMcGreery
andPusztai,1988)e.g.to yield structuralparameterérom alarge model"box". The modellingof thetotal
scatteringunction S(Q) alsobecomesncreasinglyimportant. This is partly becausehe datais corrected
for backgroundandmultiple scatteringeffectsandthusthe backgroundecomedpetterde nedin Q regions
whereBraggpeaksoverlap. This of coursecouldonly beavery shortoverview of the PDFtechniquemuch
moreinformationcanbefoundin arecentreview articleby Proffenetal. (2003)or anupcomingbookabout
the PDFtechniqueby EgamiandBillinge (2003).

After talking aboutthe PDFandits modellingvery generally the questionremainswhatdoesPDFgetN
actuallydo ? In a rst step,the measuredataare correctedfor backgroundscattering containerscattering
aswell astheincidentspectrumaccordingo Eq. 1.2.

| = (SiSe)i &Ci Cs)

Vi Ve (1.2)

HereS is the samplescatteringC is the scatteringrom anemptysamplecontainerandV is the scattering
from a vanadiumsamplewhich characterizeghe incidentspectrum.Sg ; Cg andVg arethe background
spectrdor the correspondinguns. If all measurementweremadeusingthe sameancillary equipmentall
the backgroundunsreferto a single measurementThe factor® takesinto accountthe absorptionof the
sample.Somemorediscussioraboutcharacterizatiomunsis givenin section3.1. Next, the combineddata
| needto benormalizedandcorrectedo obtainS(Q). Thisinvolvestheinteractionwith severalprograms
thatcalculatethe absorptionmultiple scatteringandPlazcel(inelasticity)correctionandcombinetheruns
to yield a PDF which forms the basisfor a detailedanalysisof the local structure.PDFgetN allows users
to obtainS(Q) andPDFfrom time-of- ight neutronpowderdiffractiondatafrom awide variety of neutron
powderdiffractometerslt is easyto usewith a graphicaluserinterfaceandembeddediatasuchasneutron
scatteringengths.Thedataanalysigprogramsave beenderivedfrom the GLASSpackagdPrice,undated).
A key featureof PDFgetNis thatit saresdataanalysisparametergor a particularS(Q) andPDF, the so-
calleddata-analysisistory, thatcanbereloadednto PDFgetN The history containsthe le namesof the
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underlyingdata les andtheparametersisedto obtainthe S(Q) andPDF. Anotherfeatureis the possibility
to visualizetheresultof eachanalysisstepwith a variety of options. The programalsocalculatedifferent
quality factors(Petersoretal., 2003b)for theresultingS(Q) aswell asthe PDF, G(r).

Finally the questionariseswhich diffractometersare supportedoy PDFgetN ? The simple answeris,
ary neutrontime-of- ight powder diffractometethatcanproduceGSAS le is compatiblewith PDFgetN
Somenative formatsfor selectednstrumentsarealsosupportedfor detailsseesectionA.1.

1.2 What is new?

If you have usedPDFgetN before,you might askwhatis new in this versionof the program. Below you
nd sectiongdescribinghe majorchangesn thedifferentrelease®f PDFgetN

Version1.5

This is the rst revision of the usersguide sinceversionl.3 of the program,so all changegeferredto in
this sectionare changedetweenversionsl.3 and1.5. Sothe usersguideyou are currentlyreadingis a
new featureof this versionof the program. Anotherdifferenceonewill noticeis the new self-extracting
installerfor Windows. If installing PDFgetN underWindows, no otherinstallationof supportingsoftware
is required.Detailsabouttheinstallationprocedurearediscussedn appendixB.1.

PDFgetN 1.5 now fully supportsthe input of GSAStype data les, makingthis programcompatible
with almostary neutrontime-of- ight powderdiffractometein theworld. Eventhoughthe previousnative
le formatsfor someselectednstrumentsare still available,we strongly recommendising GSAS asthe
data le format. Theplotting featureshave now beenintegratedin the mainPDFgetN panelandin addition
to all intermediateles, onecannow alsoplot the valuesof the differentcorrectionsapplied(see2.7). Data
les cannow beselectedrom alist by right-clickinginto thecorrespondinglata les (see2.2). ThePlazcek
correctionfor thesampleand/orvanadiunrun cannow bedisabledrom theGUI (see2.4)andthe nal grid
sizefor S(Q) cannow be enteredfrom the GUI aswell (see2.6). In additionthe S(Q) valuescannow
be matchedo areferencebankbeforethe blendingstep. Finally two new featuresallow the calculationof
guality factorsaswell asan automaticoptimizationof the resultingPDF, G(r) (see3.3andPetersoretal.
(2003b)).

1.3 Moreinformation and other programs

To nd outaboutrecentupdatesof PDFgetNor to getfurtherinformationvisit the PDFgetN WWW home-
pageatthefollowing site:

http://wwwtotalscatteringorg/programs/PDF@tN/

This manualwill alsomentionthere nementandmodellingprogramsPDFFIT andDISCUSaswell asthe
plotting programKUPLOQOT. All of theseprogramsaredesignedo work with PDFgetN outputandarepart
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of the Diffusepackageof programs For moreinformationandto downloadtheseprogramspleasevisit the
Diffusehomepaget

http://wwwtotalscatteringorg/programs/discusor
http://wwwuni-wuerzlirg.de/minealogie/crystal/discus/

If all elsefails andyou are stuckwith a problemthat seemaunsohable, pleasecontactoneof the authors
who are morethanhapyy to try and help solve your problem. Also ary commentsor wishesfor future
versionsaremorethanwelcome.
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Chapter 2

Using PDFgetN

In thischaptemewill discussn detailhow to usePDFgetN Theprogramwindow consistof threesections:
The le input elds on the top. The middle sectioncontainsfour differentinformation panels: sample
information experimentainformation detectomankinformationandplotting contiols. Thedifferentpanels
canbe activatedby clicking on the correspondindab in the mainwindow of PDFgetN The bottom part
containsbuttonsandcontrolsto make the programactuallydo something.In the following sectionsgach
sectionandpanelof the programwill bediscussedn detail.

2.1 Starting PDFgetN

First you needto startthe program. In caseof Unix/Linux, simply enterPDFgetN andprovided thein-
stallationlocationis in your path,the programwill start. Alternatively you cangive the completepath,e.g.

sep x

Welcome to PDFgetN
Version: 1.5
Build: Tue Feb 11 14:11:06 2003

A data analysis package for obtaining the atomic Pair Distribution
Function (PDF) from neutron powder diffraction data.

Please cite the following paper when publishing results that made use
of this program:

P.F.Peterson, M.Gutmann, Th.Proffen, and $.J.L.Billinge, PDFgetN: A
user-friendly program to extract the total scattering structure
function and the pair distribution function from neutron powder
diffraction data, J. Appl. Cryst., 33, 1192 (2000)

Homepage http://wuw.pa.msu.edu/cmp/billinge-group/programs/PDFgeth, =

Select a History File ‘

€ Load template for format GSAS -
@ Load history from file tutorial/sepd_tutorialhst Browse

Currentworking directory |C'/Programs/PDFge(N/lu(onal/

0K Cancel

Figure 2.1: Startupscreerof PDFgetN

PDFgetN1.5

Page: 9



CHAPTER 2. USING PDFGETN UsersGuide

{usr/special/bin/PDFgetN-1.5/PDFgetN.pl . If youarerunningWindows andhave installed
the desktopicons,simply doubleclick on the PDFgetNicon. If no desktopicon s installed,browvseto the
"binary" directoryof the PDFgetN installationdirectoryanddoubleclick PDFgetN.exe . In eithercase,
the startupscreenof PDFgetN will appearasshovn in Figure2.1. At this point you caneitherstartfrom
scratchby selectinga templatefrom the drop down menu. The templateto selectis given by the format
of the powder diffraction datathatwill be used. Detailsaboutthe supporteddata le formatsaregivenin
AppendixA.1. In caseatemplateis used,the desiredworking directoryalsoneedsto be speci edin the
bottominput eld. NotethatevenunderWindows,thedirectorynamesareseparatedhy / ascommonunder
Unix. Thesecondptionis to loada previously createdle by eithertypingin thenameor usingthebrowse
button. Make surethe button next to the desiredselectionis highlighted. In our examplewe loadthe le
sepd_tutorial.hswvhich canbefoundin thetutorial directoryof the programdirectory If you areworking
with a sharednstallation,you might not have write permissionn thetutorial directory In this case simply
copy all the les from thetutorial directoryto alocal directory After we click ok, thetutorial dataareread
andwe arereadyto go. Sometimesheremightbeathird option,loadtempoary history le . In thiscasethe
selectedvorking directorycontainsa history le from a previousPDFgetN sessionThe programis always
keepingatemporaryhistory le re ecting the currentsettingswhich allows oneto simply continuingatthe
point PDFgetNwasterminatedasttime.

2.2 Data le input

The top sectionof the PDFgetN window allows oneto enterthe namesof the dataand characterization
run les. This sectionis highlightedin Figure2.2. Theinputin thetop row correspondso the sampleS,

PDFgetN 1.5 =[x

File  Options Help

‘ Data files — Extension: asc — Format sepd ‘

Sample(s): sepd9d085 Vanadium: sepd3061 Container: sepdd060
Sam. backgr.: |sepd9062 Van. backgr.: Cont backgr.: |sepd9062

‘ Working directory:  C:/Programs/PDFgetN/tutorial/

Figure 2.2: File inputareaof PDFgetN
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Select files: Vant al x|

Selectfiles: Vanadium background |

sepdd060 - Empty Can plus All Shields at RT
sepdd061 - vanadium, no shields, atrt, displex
sepd9d062 - background + shields displexrt
sepdd085 - Lal.75Ca0.25Mn03 at 300+/-5K (1 cycle)

< | »
Select Cancel

Figure 2.3: File selectdialogof PDFgetN

vanadiumV andcontainerrun C. Therow belov hasinput elds for the correspondindackgounduns
Sg; Vg andCg, respectiely. Themimimumsetof runsarea sampleandavanadiunmruns,the other elds
canbe left blank. Someexperimentalconsiderationso obtaina high quality PDF arediscussedn section
3.1. Sometimespnewantsto mege severalruns. This canbedoneby enteringalist of lenamesseparated
by commas.Also note,thatthe lenamesare enteredwithout le extension. All data les musthave the
correctextension,however, the default extensioncanbe changedn the so-called"expert edit mode" (see
2.3).Look for the eld fileExt="  andchangehevalueto the desiredextenstion.

Ratherthanenteringthe lenamesmanually PDFgetN allows oneto selectthe desiredrunsfrom alist.
Simply usetheright mousebuttonandclick into the desireddata le input eld andalist will appearsee
Figure2.3). Thedialoglists the le namesaswell asthe run titles, making nding the correct le easy
Highlight the desiredles andclick select Multiple les canbe selectedby holdingdown the control key
whenclicking onthe les.

2.3 Action buttons

Thebottomsectionof the mainwindow containsall buttonsneededo actuallyhave PDFgetNdo arything.
This partis highlightedin Figure2.4. Ontheleft we nd four buttonsfor processontrol. Deleteall will
deleteall intermediateles. Unsuallythe processedharacterizatiomuns do not needto be reprocessed
unlesse.g. smoothingparameterdiave beenchanged.Using this button forcesPDFgetN to reprocessll
les. Thethreebuttonsnext to it executedifferentexternalprogramghatactuallyprocesghe data: Create
S(Q)will combineandnormalizethe dataandapplyall corrections.TheresultingS(Q) is still separatdor
theindividual banks.Blendbankswill do exactly thatandcombinethevaluesof thedifferentdetectotbanks
to asingleS(Q). Finally CreateG(r) will cuttheblendeddataandcalculatethe resultingG(r). As astep
is completedthe correspondindputtonturnsgreen

Thegroupontheright of bottonsectionconsistof adropdown menuandaDoiit button. Thephilosoply
is to selectthe desiredactionfrom thelist andclick onthe buttonfor execution.Thechoicescanbe seenin
Figure2.4(right). The rst two choicesareto view or print thecurrentplot (seesection2.7). Next theoutput
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[ PDFgetN L5 R W 1|
Plot — Do it
Plot
Print plot
Show logs
Show inputs
Create 5(Q) /m Create G() Plot — | Doit ” Edit all
Message: Analyze
Optimize

Figure 2.4: Processingontrolarea(left) anddrop dovn menuselectionof PDFgetN

andinput les of every externalprocessingrogramcanbeviewed. Seeingtheinput les is mainly useful
for delugging,however, theoutputlog les containmuchinterestingnformationaboutthe processingun.
Theitem Edit all startsthe "expertedit" modewhich allows oneto directly modify the currenthistory le
sincenot all settinghave a spotin the graphicalusersinterface. A detaileddiscriptionof the history le is
givenin appendixA.3. Theitem Analyzdists variousquality factors(Petersoretal., 2003b)for thecurrent
PDEF Finally Optimizeallows oneto automaticallyoptimizethe PDF aswe will seein section3.3.

2.4 Sampleinformation

Thesampleinformationpanelis shavn in Figure2.5. To activateit, simply click onthe Samplanformation
tabh Onthetopit containsthe sampledensityandthe effective sampledensity %4. The sampledensityis
not usedin arny calculationandcane.g. be usedto recordthe bulk densityof the material. The effective
density Y, howeveris averyimportantquantitycontrollingthenormalizatiorof S(Q). Thesimplerule s,
if the effectivedensityincreasesthe asymptotef S(Q) deceasesandviceversa Thegoalis to normalize
S(Q) athighvaluesof Q to one.In mary caseghisis theonly parametethatneedgo be adjustedo geta
goodPDF Below thechemicalcompositionof the samples listed. To changeor addelementsclick onthe
button Elementsanda periodictablewill appeasllowing oneto selectthedesiredelementgseeFigure2.6
left panel). Oncethe elementsareselecteda seconddialog appeargFigure 2.6 right panel)askingfor the
relatve composition. Any notationworks, however, internallythefractionsarenormalizedto oneandthese
normalizedvaluesappeaitn thetable.All othervaluessuchascrosssectionsaretakenfrom alookuptable.
Note,thatin orderto useisotopespneneeddo enterthe"experteditmode"andprovide all theinformation.
The nameof the elementneedsalsoto be changedge.g. from H to D, otherwisethe given valueswill be
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Figure 2.5: Sampleinformationpanelof PDFgetN

Figure 2.6: Elementselectiondialogs: Periodictableto selectelementqleft) anddialogto specifyrelative amounts
(right).

overwritten. Also if you wantto updatesomeof the crosssectionse.g. with morerecentvalues,you need
to renamehe elementsn someway, sincePDFgetNwill overwriteall valuesof elemennameshatmatch
namesn thelookuptable.

2.5 Experimental information

Theexperimentalpanelis shovn in Figure2.7. Againit is activatedby clicking on the Experimentainfor-
mationbutton. Startingfrom thetopwe nd theexperimenttitle, usernameandnameof theinstrumenthe
datawerecollectedon. Below onecanselect,if the Plazcekcorrectionfor the sampleandvanadiumcanis
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Figure 2.7: Experimentalnformationpanelof PDFgetN

appliedor not. Furtherbelov aresomegeometricdimensionsf the samplecan,the vanadiumrod andthe
beamheight.All valuesaregivenin centimetersNotethatPDFgetN canonly dealwith uprightcylindrical
samplescorrectly Also if a containematerialotherthanvanadiumis used,somemaodi cationsin "expert
editmode"arerequired,sincethe crosssectionanddensityinformationfor the containematerialneedto
be changed.The elds to be changedarein the sectionstartingwith ##### Container (seesection
A.3). Thelastsectionin the experimentalpaneldealswith smoothingparametersor the characterization
runs. Note thaton caseyou aredealingwith GSAS les, anadditional eld appeargo specifythe GSAS
instrumentparameterle correspondingo the measurement.

2.6 Detectorbank information

Next we discussthe detectorinformation panelandonceagin it is activatedby clicking on the Detector
informationbutton. The panelconsistsof a table with detectorbankinformationandbelon a sectionto
specifyinformationaboutthe nal S(Q) andthe PDFitself. The headeiof thedetectortablecontainshree
buttons:Clicking on BankNumberinvokesthedialogbox shavn in Figure2.9 (left). Onecaneitherspecify
the numberof bankscorrespondingo the currentdatasetandenterall otherinformationmanuallyor read
theinformationfrom a preprocessethtermediatele. In this casebankanglesandQ rangearereadfrom
the le. In caseno banksarede ned, the processingvill top after thatintermediatele is producedand
the bankinformationcanbe imported. However, the valuesin columnslabelledQmax andQy,;, canbe
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Figure 2.8: Detectorbankinformationpanelof PDFgetN

Figure 2.9: Detectorbankdialogs: Selectionof numberof banks(left) andconstantvavelengthlimits dialog (right).

changedo the desiredlimits for the blendingstep. In mary casesdatacontainspuriousfeaturesat the
boundarieshatneedto beexcluded.As analternatve onecanusea Q rangefor eachbankthatcorresponds
to a constantrangein neutronwavelength,, . To specifythe lower or upperQ limits correspondingo a
given wavelength,click on the Qmin or Qmaxbuttons. The dialog box shavn in Figure 2.9 (right) will
appearSimply enterthe highest/lavestQ valueandclick the corvert button. You seethe wavelengthvalue
updateandby thenclicking the setbutton,the Q valuescorrespondingo the displayedwavelengthwill be
set.ColumnincludeBankallows oneto includeor excludea completebankfrom the blendingprocessThe
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lastfour columnscontainpossiblecorrectionfactorsor offsetsfor the sampleor backgroundlata.Notethat
thesevaluesareappliedto theraw databeforenormalization.

After thedatafrom thedifferentbanksareblendednto asingleS(Q), the nal dataneedto betruncated
andrebinnedon a grid with constant¢ Q. Thetop row below the detectorbankinformationcontainsthe
relevantinformation. Onecanspecifythe minimumandmaximumQ@Q valueto be usedfor the nal S(Q).
The programextrapolatess(Q) from the givenlower limit to Q = 0. As default, the dataaresimply cutat
the given upperlimit, PDFgetN however, allows to apply a dampingfunctionaswell. This again needso
gespeci edin "expertedit" modeandfor detailsaboutthe availablefunctions,referto appendixA.3. Note,
thatthemodellingprogram$?DFFIT andDISCUScanonly modeltheeffect of terminationfor asimplecut.
Thelast eld in thatrow containsareferencebanknumber If avalid banknumberis give,the S(Q) values
of the differentbankswill be modi ed to give the bestoverlap possibleby automaticallyapplyinga scale
andoffset. If the referencebankis setto zero,no suchmodi cation is carriedout. Theinput elds in the
bottomrow of the detectorinformationpanelspecifythe maximumvaluer max andthe numberof points,
N, for G(r). Notethat currently PDFgetN will always calculatethe PDF from ¢ r andthe stepwidth is
givenby ¢ r = rmax=N . Thelastvaluegivenin thatrow is the numberdensity’y. If a nonzerovalueis
given, PDFgetNwill calculatethe functions¥4r) (Eq. 2.1) andthe coordinationnumberN (r) (Eq. 2.2)as
well asG(r).

YAr)
N (r)

G(r)=(4vr) + % (2.1)
r Avx 2Ygr)dr (2.2)
0

2.7 Plotting

PDFgetNhasabuild-in plotting capability To switchto theplotting controlspanel,simplyclick onthePlot-
ting button. NotethatPDFgetN requiresthe plotting programKUPLQOT for the actualplotting. If KUPLOT
is not found, the panelwill containjust the message&KUPLOT not found UnderWindows, KUPLOT is
includedin the binarydistribution andthis problemshouldnotoccur If youareusingLinux/Unix however,
KUPLOT needsto be installedseparatelyandthe binary mustbe in the path,in otherwords, if you type
kuplot theprogramshouldstart. Detailscanbefoundin appendixB.2.

If all worksasit should,the plotting controlspanelshown in Figure2.100n the left will appear The
buttonson the left allow oneto selectwhat datawill be plotted. All theintermediateles are ASCII and
canbe plottedusingotherprogramsaswell. Detailsabout le namesandformatsaregivenin appendix
A.2. In sectionlabelledData le onespeci esif sample yvanadiumor containerdatashouldbe plotted. Of
courseafter processingstepS(Q) andbeyond, only sampledataare available andthe othertwo buttons
becomealisabled.n sectionProcessingtage onespeci eswhichintermediatele is to beplotted. A listing
and explanationof the differentchoicesis givenin Table2.1. The bottom left areaCorrectionsallows
oneto selectthe absorption,multiple scatteringand Placzekcorrectionto be plotted. If automaticbank
matchingwasselected seesection2.6), onecanalsochooseto plot the rebinnedandrescaleds(Q) data.
Thecheckboeson theright of the plotting controlspanelareusedto specifycertainplotting options,such
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Figure 2.10: Plotting control panel(left) andplotting window (right) of PDFgetN

| Processingstage | What is it ? | Data |
Prep(raw) Raw data;if multiple les aregiven,they aremeigedat this stage. B,v,.C
Prep(smoothed) | Sameasabove,justaftersmoothings applied. B,v,C
1(Q) (int) Intensitiesafternormalizatiorandbackgroundsubtraction. S,\v.C
S(Q) (raw) S(Q) aftercorrectionsareapplied,but still separatdor individual banks. S
S(Q)(blend) S(Q) aftermeming of all banksandrebinningon constantQ grid. S
S(Q) (damp) S(Q) after nal terminationandextrapolationto Q = 0. S
G(n) PDFG(r) S
4r) %r) (if Y wasspeci ed) S
N(r) N (r) (if Yp wasspeci ed) S

Table 2.1: List of processingtagedor plotting.

asplotting markersor error bars. If Plot 'blend' range only, therangein Q thatis displayedis truncated
accordingo thevaluesgivenin thedetectolinformationpanel.Otherwisethefull rangepresenin thedata
is shawn. If interactiveplotis checled,theplot window will containseveralbuttonsallowing oneto specify
aregion of interestandsoone. By clicking in the button Do it with Plot selectedn the actionbuttonsarea
of PDFgetN, the selecteddatawill be plotted(seeFigure2.10right). Note,thatin caseof an"interactve"
plot, oneneedgo exit the interactve modeby clicking the Exit menubuttonto regain control of the main
PDFgetNwindow. In orderto print (or save) thecurrentplot, simpleselectPrint Plot from themenunext to
theDo it buttonandhit theDo it button. If you arefamiliarwith KUPLOT commandsyou canusethe Enter
Commanduttononthe plotting screerto enterary valid KUPLOT command However, dueto thecurrent
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Figure 2.11: Drop down menuof PDFgetN

implementatiorone needdo type really slowto avoid characterdeinglost. Finally, the color schemeof
KUPLOT canbecustomizedisingthe Optionsmenuasdiscussedh section2.8. If you have followedalong
usingthetutorial dataandplot the nal S(Q), youwill notice,thatthedataarenot quite normalizedat high
Q. Thehorizontalline in the plot marksS(Q) = 1. As apractice,you shouldtry adjustingthe effective
densityandreprocesshe datauntil you have agoodnormalization.

2.8 PDFgetNmenu

Theonly partof the PDFgetN graphicalusersinterface,we have not discussedo far arethe menuswhich

are shavn in Figure 2.11. First let uslook at the File menu: The choice New will bring up the startup
dialog (see2.1) andonecanstarta new dataprocessingsession.The entriesSaveand Load will sase or

loadahistory le. Thethree les thataresavedarethe nal S(Q) (le.sq)m thePDFG(r) (le.gr) andthe

processingnformation( le.hst). Notethatthe S(Q) aswell asG(r) data les have the sameprocessing
information pre-pendedo the data,so ary of the three les canbe loadedinto PDFgetN The entry Exit

will (no surprisehere)terminatethe program.The menuentry Optionshasthreeentries.If the rst choice
Deleteinputandlog les is checled, PDFgetNwill deleteall intermediateles uponexiting the program,
otherwiseall intermediateles will remainafterthe programis terminated.The next entry, Change colors

.., allows oneto changethe colorsof the PDFgetN interfaceaswell asthe KUPLOT plotting colors. The

new colorsselectedo the PDFgetNinterfacewill only beshownn afterthe defaultshave beensavedandthe

programhasbeenrestarted.Thelastentry Savedefaults.., will save the currentPDFgetN settingsasnew

defaultvalues.

2.9 Batch processing

So far we have usedPDFgetN throughits graphicalusersinterface. This is the default behaior if no
commandine parameteraregiven. However, PDFgetN canalsobe usedfor batchprocessingf data. In
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Parameter | What isit ? Default

le PDFgetNhistoryinput le.

-gui StartPDFgetNwith graphicalinterface. D

-nogui Start PDFgetN without graphicalusersinterface. If no lename is given the
programwill promptfor one.

-keep Keepintermediateles.

-nokeep Deleteintermediateles. D

-opt Runautomaticoptimizationon nal G(r) (see3.3).

-noopt No automaticoptimization. D

-help Printhelpmessage.

-delug Runtheinterfacewithout actuallyprocessinglata.

Table 2.2: PDFgetN commandine parameters.

this caseéheprogramneeddo bestartedrom thecommandine with oneor morecommandine parameters.
A list of valid parameterss givenin Table2.2. This way onecancreatescriptse.g.in PERLthatmodify a
certainvaluein thehistory le andrunaseriesof PDFgetN processinguns.
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Optimizing the PDF

In this chapterwe will give a very shortoverviev aboutexperimentalconsiderationgor a neutronPDF
measuremeraswell assomehints how to optimizethe resultingG(r) using PDFgetN. A more detailed
summaryaboutthe theoreticalPDF dataprocessingletailscanbe foundin Toby andEgami (1992)andin
the new bookby EgamiandBillinge (2003). For aneven moretheoreticalapproachpnemightreferto the
bookby Warren(1990).

3.1 Experimental considerations

In this sectionwe will discussafew basicconsiderationsegardingthe neutronscatteringexperimentitself.
Firstof all, becaus¢he PDFis obtainedvia Fouriertransformfrom the scatteringlata theextendof thedata
in Q-spacedetermineur realspaceresolutionof the PDE This is a resultof the terminationeffectwhich
manifestgtself in a corvolution of the datawith the Fouriertransformof the cut-off functionof S(Q). In
caseof asimplecut, thisfunctionis simply sin(Qmaxt)=r. Theeffectof Qmax s illustratedin Figure3.1.
Herewe seethenearesheighbor(NN) peakof a semiconductoalloy (Petersoretal.,2001). The solidline
correspondo aterminationatQmax = 40Ai 1, thehighestvalueachiezablefor thesedata.Onecanclearly
seethatthe NN peakis split, in factwe obsene two distinctbondlengthshaving thatlocally the structure
retainsthe endmembemMIN bondlength. The dashedine in Figure 3.1 shavs the samedata,but this time
terminatecatQmax = 17Ai 1, avaluecorrespondingo MoK® radiationor aspectruncollectedatareactor
neutronsource.In this casewe do not obsene the peaksplit. Fromthis it is apparenthattherequiredreal
spaceresolution,¢ r will determinethe valueof Qmax required. However, usingpulsedneutronsor high
enepy X-rays,valuesof Qmax > 50Ai ! caneasilybeachieved.

Thein uence of the Q resolution,¢ Q, onthe PDF caneasilybe seenby inspectingFig. 3.2 shaving
G(r) for Ni obtainedfrom the nev NPDF diffractometerat the Lujan Centerandthe GLAD instrumentat
the IntensePulsedNeutronSource.In all caseghe datawereprocessedisingPDFgetN andthe scattering
datafor bothinstrumentsvereterminatedat Qmax = 3541 1. Notethatthe PDFin Fig. 3.2is shovn up
to distances = 100A. TheQ resolutionresultsin anexponentialdampeningf the PDF peaksasfunction
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T T T
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Figure 3.1: Nearesieighborpeakof PDF of semiconductoalloy with S(Q) terminatedat Qmax = 40Ai * (solid
line) andQmax= 17Ai ! (dashedine). Datafrom Petersoretal. (2001).
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Figure 3.2: In uence of thereciprocalspaceresolutiont¢ Q onthe PDF. Thesolid line aredatafrom NPDFat Lujan
Centerat Los AlamosNationalLaboratoryandthe dotsaredatafrom GLAD at IntensePulsedNeutron
Sourceat ArgonneNationalLaboratory(from Proffen etal. (2002)).
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| Facility | Instrument | Speci cations |
LujanCenter | NPDF Resolution:¢ d=d %, 0:15; 0:31%, Q range:¥%+ 1:5; 51:1A1?
http://lansce.lanl.gov/lujan/instruments/npd/npd.htm
HIPPO Resolution:¢ d=d%. 0:40; 5:0%, Q range:¥a 0:13; 52:4A1*
http://lansce.lanl.gov/lujan/instruments/hippo/hippo.htm
HIPD Resolution:¢ d=d ¥4 0:30; 3:0%, Q range:¥: 0:2; 60:0Ai ! (notin usersprogram)

http://lansce.lanl.gov/lujan/instruments/hipd/hipd.htm

IPNS GPPD Resolution:¢ d=d ¥, 0:26 0:76%, Q range:¥%s 1:1j 60:4A1 ?
http://www.pns.anl.gov/instruments/gppd/
SEPD Resolution:¢ d=d ¥4 0:34| 4:7%, Q range:¥40:6 47:3Ai !
http://www.pns.anl.gov/instruments/sepd/
GLAD Resolution:¢ d=d ¥4 0:6 5:0%, Q range:¥40:2 45:.0Ai?!

http://www.pns.anl.gov/instruments/glad/

ISIS GEM Resolution:¢ d=d ¥4 0:34| 4:7%, Q range:¥: 0:6 100:0A1 ?
http://www.isis.rl.ac.uk/disordered/gem/gem_home.htm
POLARIS | Resolution:¢ d=d¥40:5; 1:0%, Q range:¥%40:3; 31:5A1*
http://wwwe.isis.rl.ac.uk/crystallography/polaris/

Table 3.1: List of neutronpowder diffractometersor PDF studiesat Lujan Centerat Los Alamos National Labo-
ratory, USA, IntensePulsedNeutronSource(IPNS) at ArgonneNational Laboratory USA andat ISIS
at RutherfordAppleton Laboratory England. The informationis taken from the respectie instruments
WWW pages.

of r (Toby and Egami, 1992). Using high Q-resolutiondatafor PDF analysisfrom an instrumentsuch
asNPDF allows oneto accessnediumrangedistancesy ¥4 10j 100, openingup a new territory of
research.ln summary the requiredreal spaceresolutionof the PDF will determinethe necessarnfQ max
andthe desiredmaximumrangein r will determinethe Q spaceresolution¢ Q one needs. One other
guestionis what would be consideredsufcient statisticsfor a PDF measurementNote that the overall
countingtime will be dominatedby the countrate at high Q values. Onerule of thumbis the so-called
Egamirule which statesthat one wantsto accumulatel0® neutons/ Ai 1 in the high Q region of the
measuremenfToby and Egami, 1992). Anothervery importantconsiderations to choosean instrument
andancillary equipmentith a very low backgroundscatteringsincewe arenot only interestedn Bragg
scatteringbut alsoin the weak diffuse scattering. A list of currentneutronpowder diffractometersthe
authorshave successfullyusedto measure®DF dataarelisted in Table3.1. Finally a PDF measurement
usuallyrequiressereral characterizatiomunsin additionto the samplemeasuremenOn someinstruments
standarccharacterizatiomunsare measuredeforethe run cycle startsandare alreadyavailable,on other
instrumentor whenusingspecialancillary equipmentthosemeasurementsecomepartof theexperiment.
Usuallythreemeasurementsesideshesampleunarerequired.vanadiumemptycontainerandinstrument
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badkground In somecaseghe backgroundmight be solow, thata backgroundneasuremeris not really
necessary In somecaseghe vanadiumrunswas performedusing a different setup,so it needsits own
backgroundun. However, it is recommendedp carryoutall runsin the sameinstrumentcon guration.

3.2 Normalization

One of the mostimportanttaskswhen processingdatato S(Q) is to obtaina correctnormalization,i.e.

S(Q)! 1forQ! Qmax FindingthecorrectsinglescatteringS(Q) meanshaving the correctsample
containerdimensions beamdimensionsand the effective sampledensity 4. Unfortunatelythe S(Q)

obtainedcan be distortedby a scaleor offset or both and all the requiredinformation listed above has
its own error bars. Usually one usesthe effective sampledensity’a¢ asthe "knob" to obtainthe proper
normalization. If % is increasethe resultingS(Q) will decreasandyvice versa. However, the density
cancompensatéor errorse.g.in thebeamdimensiongesultingin a scaledPDF. For structuralre nements
usinge.g. PDFFIT abuild in scalefactorwill take careof the problemandits deviation from unity will be
theindicationhow goodthe normalizatiorhasbeen.If one,onthe otherhand,wantsto obtaincoordination
numberdoy integrating PDF peaks,a scalefactoris unacceptableln thosecasesa referencesamplewith

known coordinatiornumberscanbe used,to obtainthe correctsampleandbeamdimensionsandthoseare
thenusedfor subsequerdataprocessingln ary caseaproperlynormalizedS(Q) is arequiremento obtain
a meaningfulPDF G(r). Most of the time visualinspectionof S(Q) usingthe build in plotting function
of PDFgetNwill besufcient to judgetheS(Q) ! 1 criterion. However, the programalsocalculateghe
average< S(Q) > overagivenQ range.Thevalueis listedin theanalyzedialog (seesection2.3).

3.3 Automatic optimization

The ultimate featureof any processingprogramis the automatic,reliable optimizationof the processing
process.PDFgetN hasthe capability of optimizing the PDF by changingthe scaleand offset of the nal
S(Q) in orderto minimize G, de ned as

R
o' OW[rG(r) + 42y J2dr

R (3.1
o1OW 4y 2175, J2dir

Glow =

Herethe integral runsup to ryg,, Which is a value belowthe rst PDF peakand¥s is a tted number
density In generalG|,, is a measurdor the noiseripplesbelov the rst PDF peak. Detailsaboutthese
equationsaswell asthe optimizationprocedurearegivenin Petersoretal. (2003b).In this sectionwe just
focusontheimplementatiorin PDFgetN

Theautomaticoptimizationis startedby selectingoptimizefrom the actionmenuandclicking the Do it
button (see2.3). Thiswill bring upthedialogbox shovn in Figure3.3. Thedialoglists the currentadditive
constant , the numberof iterationsso far aswell asthe currentvalueof G, discussedbore. Thelast
line allows to specifythemaximumnumberof iterationsPDFgetNis allowedto attemptheforeterminating.
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Figure 3.3: Auto-optimizationdialog.

The optimizationprocesss startedby clicking the button Start The programwill modify S(Q) according
to

SYQ) = @s(Q) + ~: (3.2)

Theparameter is modi ed and®is recalculateabtainthebestnormalizationS(Q) ! 1forQ! Qmax
In every iterationthe new valueof ~ andGq,, aredisplayed.Oncethe shiftin —~ becomes/ery small or
the maximumnumberof iterationsis reachedthe procesawill stop. TO exit the dialog, simply click the
Donebutton. The PDFwill thenbethe optimizedoneandcanbe savedtheusualway. Pleasenote,thatthis
featureis in its early stagesandmight not work asexpectedon certaindata. The valuer |, is speci edin
thehistory le in theentryintMaxR= . It canbe changedisingthe "expertedit* mode(see2.3). Again,
muchmoredetailedinformationaboutthe optimizationstratgy canbefoundin Petersoretal. (2003b).
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File formats

A.1 Supporteddata le formats

In this section,all data le formatsPDFgetN canreadare summarized.However, it is likely that future
versionsof PDFgetNwill only supporttheuseof GSAS les which canbe obtainedat mostneutronpowvder
diffractometerFor thisreasontheuseof theother le formatsfor nevw measurements notrecommended.
Also, someof the otherformatsare binary in natureand needto be corvertedto an ASCII format using
utilities distributedwith the PDFgetN package.

GSAS les

GSAS refersto the GeneralStructureAnalysis System(Larsonand Von Dreele,2000). The GSAS le

formatis keyword driven and canbe usedto describeneutronaswell asX-ray data. Obviously PDFgetN
canonly reada subsebf valid GSAS les. Thedatamustbetime-of- ight (TOF) neution scatteringdata
using either TIME_MAP or CONSas binning scheme In additionan GSAS instrumentparameterle is
required,containingcalibrationinformationin particulardiffractometerconstantgo cornvert from TOF to
d-spacing.However, mostpowder diffractometerdocatedat a spallationneutronsourcewill producethe
correct le andtheinstrumentscientistcanusuallyprovide the correctinstrumentparameterle. In shortif

you canuseGSASfor a Rietveld re nementof you data,you cangenerallyusePDFgetN to readthemas
well. Thereis oneproblemthatmightoccur notall GSAS les have a Monitor recordwhichis required
by PDFgetNto properlynormalizethe data. If this is the casea simplemodi cation of the ASCII GSAS
le isrequired.Themonitorcountneedgo beaddedasline 3 (seebelow).

DISPLEX V-NB (4583)

Instrument parameterfile:]ANALYSIS.CALIBRATION]IPARM_11JUNO1.NPD
Monitor: 1597078
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Notethatthe monitorcountcanbearything measuringhe amountof neutrongecevedduringtherun, e.g.
protoncurrent,monitor count, pulsesreceved, aslong asthe samemeasurds usedin all les processed
together

Somenoteson GSAS le producedon differentinstrumentsThe programhdfbin  usedon HIPPOat
the Lujan Center the question'Normalizeby monitor ?" needgo be answeredvith Y. Thiswill producea
GSAS le compatiblenith PDFgetNeventhoughit containsnoline with Monitor . OnNPDFattheLujan
CentertheresultingGSAS les arealreadynormalizedoy thebeammonitorcountsandmonitorline reads:
Monitor: 1. Finally all GSAS les producedy the IntegratedSpectralAnalysisWorkbenchsoftware
(Petersoretal., 2003a)developedat IPNS hasthe option to includethe integratedmonitorin the resulting
GSAS le.

IPNSrun les

For IPNSrun les collectedon SEPDandGPPDthereexistsa directbinary-to-ASCllcorversionprogram
calledsepdbtoa.Theraw data les asthey appearfrom the datacollectionsoftware have to be copiedto
your computewia binaryftp. Theusageof sepdbtoas asfollows:

sepdbtoa -h 1 filel.run file2.run file3.run...

where lel, le2 etc. arethe lenamesof the correspondingun les. They consisttypically of the instru-
mentnameandrun numbere.g. SEPD0225%r GPPD01157Theparameterh 1 speci esthehistogram
to be extracted,usuallyhistograml, which is the default. Typing sepdbtoa without specifyingary le-
namewill alsoremindyou of its usage.An utility programcalledasc2plot canbe usedto corvert raw
ASCII les tothe SPEC le format(SPEC,2003)thatcanbereadby KUPLOT. The usageof asc2plot

is asfollows:

asc2plot  sepdl2345.asc  sepdl12345.plot

wherethe rst le isthe ASCIl le (.asc)which is thencorvertedto the output le given asthe second
argument.Any sufx or le namecanbe usedfor the output le. For informationhow to useKUPLOT to
plottheseles, referto the KUPLOT Uselis Guide

ISIS norm les

At somefacilitiesthe datacanbe preprocessetbcally to obtaina normalizedintensity le versusQ. This
is doneon GLAD (IPNS)aswell asLAD andPOLARIS(ISIS) usingNORM. The les arebinary GENIE
intermediateles usuallywith extension.nrm. These les needto be copiedto your computervia binary
ftp andthenneedto be corvertedto ASCII. At the time of writing of this manualno direct corversion
programexists. However, the programOPENGENIE is capableof performingthis step. This programis
freely downloadableat http://www.isis.rl.ac.uk/OpenGENIE/ andis availablefor avariety of
platforms. The PDFgetN distribution containsthe script'nrmtoasc.gcl'in the directory'raw2ascf/isis'. To
usethemacroonecanloadit within OPENGENIE usingthe command:
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>> load "nrmtoasc.gcl"

wherethe >> is the OPEN GENIE promptandneednot to be typed. The corversionis thenperformed
usingthecommand:

>> nrmtoasc  “inst_name" first_run last_run number_of banks

whereinst_name is afour-letter shortcutfor the nameof the diffractometer Note thatthe” have to be
writtenexplicitly. First_ run  andlast_run  aretherunnumberof the rst andlastrunto becorverted,
respectiely, without sufx. This allows the userto corvert arangeof les. Number_of banks isthe
numberof banksof theinstrument.Note thatthereis abank0 which is identicalto bank1, i.e. the dataof
bank1 appearswo times,namelyat bank0 andbank1. Thus,supplyfor number_of_banks theactual
numberof banksfor a giveninstrumentaddingoneotherwisethelastbankwill bemissing.Example:

>> nrmtoasc "lad" 14933 14936 8

In this case NORM- les from LAD areused.Therun numberdrom 14933to 14936will be convertedto
ASCII. LAD hassevenbanksandthusnumber_of _banks is eightin this example. Theresulting les
will becalledlad14933.asetc.

ARIEL les

The diffractometerGEM at ISIS usesthe programARIEL for datareduction. This programproducesan
ASCII SPEC(SPEC,2003) le with wavelengthversuscounts. These les cannot only be plotted with
KUPLOT directly but alsobereadby PDFgetN Apartfrom processingsEM data,this le formatmightbe
the moststraightforward andbe usedto corvert datafrom a unsupportedormatto be usedwith PDFgetN
Theheadeland rst few datalinesareshovn below.

#F  H:\users\001\billinge 11598\gem01487.asc

#D created Thu Jun 29 03:52:37 2000

#C Instrument: gem

#C Run GEMO01487

#C Title  Vanadium 8mm- candlesti27-JUN-2000 19:52:27

#C User SJB/TP/PGR

#C Primary flight path 17.0000

#00 It0 Istep angle  fpath

#S 1 - Group 3

#P0 6.05640 0.000799686 17.9541 18.7750

#L. W Data Error
0.0899953 9.3768566e-006 2.0967288e-006
0.0900673 1.1711701e-005 2.3423402e-006
0.0901393 8.8937786e-006 2.0403727e-006
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The only lines of the headelthatarerelevantto PDFgetN areexplainedbelow. Firsttheline startingwith
#00 speci eslabelsfor the parametesectionandcanjust be copied. The correspondingdine startingwith
#PO0 containsthe corresponding/alues: logarithmic time binning constantsTo (ItO ) and¢ T (Istep ).
Thetime-of- ight for apointi is givenby

TOF(N) = exp(To+ NC T): (A1)

Thelasttwo valuesin the headerow startingwith #P0 arethe bankangle2£ in degrees(angle ) andthe
total ight pathin metergfpath ). Notethatonly thesdasttwo valuesareusedby PDFgetNsincethedata
arealreadycorvertedto wavelength. Next, the line startingwith #S marksthe startof a datablock for a
givenbank,heregroupthree. Theline #L speci esthelabelsfor the datacolumns:wavelength,intensity
andstandardieviation of theintensity After thisline, thedatastartuntil thenext banks(#S) is encountered.

A.2 Intermediate les

As we mentionedbefore,PDFgetNis facta front-endto the GLASS packageandthe differentpartsof that
packagdnteractvia binary les. In additionPDFgetN alsoproducesan ASCII le at every intermediate
step,suitablefor plotting of furtheranalysisoutsideof PDFgetN A list of all theintermediateles is given
in TableA.2. If only asufx is given,the lename will bethe nameof the sampledata le with the given
extension. Some les containingcorrectionfactorshave a x ed name. Note that not for all ASCII les
thereis abinaryanalog.All ASCII intermediateles arewrittenin SPECformat(SPEC,2003)andcanbe
readandplottedby e.g. KUPLOT. The les thatcontainthe nal S(Q) (.sq)and nal G(r) (.gr) have the
processingparameterpre-pendedo the data. The startof the datathemselesis marked by a line #####
start data . Thedatasectionof a.sq le typically looksasfollows:

#HHH# start  data
#S 1 Bank at 0.00 degrees
#L Q S sigmaS ReducedS sigmaReducedS

47.2899971 2.85515881 0.0710189641 87.7304535 3.35848665
47.2700081 2.85515881 0.0710189641 87.6933746 3.35706711
47.2500038 2.85515881 0.0710189641 87.6562576 3.35564637
47.2300034 2.85515881 0.0710189641 87.6191559 3.35422587

The columnsareQ, S(Q), ¢ S(Q), Q(S(Q) ; 1) andstandarddeviation of thelatter. As mentionedthe
PDFalsocontainsthe processingparameterpre-pendedo it. The datasectiontypically looksasfollows:

#itH## start  data

#0O0 rg_int  sig_rg_int low_int  sig_low_int rmax rhofit

#S 1 - PDF from PDFgetN

#P0 -79.99439 0.50518 0.13495 0.00140 150 0.1054

#.r G() dr

dG(r)
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Suf x Sufx | Createdby | Description
ASCII binary | clicking on
.ain .int CreateS(Q) | Normalizedandbackgroundsubtractediata.
.braw CreateS(Q) | Rawv backgroundiata.
.bsmo CreateS(Q) | Smoothedackgroundiata.
.craw CreateS(Q) | Rav samplecontainerdata.
.CSMo CreateS(Q) | Smoothedsamplecontainemdata.
vraw CreateS(Q) | Raw vanadiundata.
.vsmo CreateS(Q) | Smoothedranadiumdata.
soqd_cabs.dat] CreateS(Q) | Absorptioncorrectionfactorsfor samplecontainer
soqd_sabs.dat] CreateS(Q) | Absorptioncorrectionfactorsfor sample.
soqd_smsc.dat CreateS(Q) | Multiple scatteringcorrectionfactorsfor sample.
soqd_splc.dat CreateS(Q) | Placzekcorrectionfor sample.
soqd_abs.dat CreateS(Q) | Absorptioncorrectionfactorsfor vanadium.
soqd_vmsc.dat CreateS(Q) | Multiple scatteringcorrectionfactorsfor vanadium.
soqd_vplc.dat CreateS(Q) | Placzekcorrectionfor vanadium.
.sga .s0q CreateS(Q) | Correctednal S(Q), still bankby bank.
blen_bin.dat Blendbanks | Rebinnedandrescaledif selected5(Q), still bankby bank.
.sqb .bid Blendbanks | MergedS(Q), full range.
.Sq .asq CreateG(r) | Final,truncatedS(Q).
gr pdf CreateG(r) | PairdistributionfunctionG(r).
Table A.1: List of intermediateles producedy PDFgetN

0.010 1.643 0.0 0.0049

0.020 3.199 0.0 0.0093

0.030 4.585 0.0 0.0130

The columnsare distancer in A, G(r) in Ai 2, ¢r in A, and¢ G(r) in Ai 2, whereG(r) is the pair
distribution function. If the numberdensityof the sampleis givenin the history le thenthe le will also
containthe pair-densityfunction “4r) and coordinationnumberN (r). OncePDFgetN is terminatedthe
intermediateles aredeletedandonly the les carryingthe sufx es.sgand.gr, i.e. only the nal melged
S(Q) andPDFthatboth containthe processingparameterpre-pendedo the dataarebeingsaved, unless
the programwas startedwith the -k eep' option or the 'Delete les' optionin the 'Options’ menuwas
deselectedIf ahistory (.hst) le wasexplicitly save usingthe'Save' commandunderthe'File' menuthis
will alsobekept.
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A.3 History les andtemplates

In this appendixthe contentof thehistory le is describedThehistory le containsall parametergputby
theuserandfurtherinformation,e.g. cross-sectiowataetc. Theseparametersanbe modi ed by theuser
Thehistory le canbeeditedby left-clicking on Edit all button. Only parametershathave anin uence on
the processingare being described.Note, that any history le canbe usedastemplate le for PDFgetN
Simply remove the informationthatis not requiredfor yourtemplateandcopy the le in thetemplates

directoryof the PDFgetNdistribution. The new templatewill thenautomaticallyshav upin thedrop-davn

menuof the startupscreen.

Thehistory le is reproducedlock-by-blockandthe descriptionof its contentis given belowv eachblock.
The rst sectioncontainghreeblocksfor informationrelatedto the samplerun, vanadiunmrun andcontainer
run.

History  written: Mon Feb 24 10:11:15 2003
produced by Thomas

##HH##  Run Information runCorrection=T

prep=gsas machine=npd

run=npdf_00133 background=npdf_00132

smooth=2 smoothParam=32 32 0 backKillThresh=-1.0

in  beam: radius=0.4763 height=5.00

temp=300 runTitle=Calibration - Ni

#Hi#HH# Vanadium runCorrection=T

run=npdf_00130 background=npdf_00132

smooth=2 smoothParam=32 32 0 vanKillThresh=4.0 vBackKillThresh=-1.0
in beam: radius=0.4763 height=5.00

#H#HH  Container runCorrection=T

run=npdf_00131 background=npdf_00132

smooth=2 smoothParam=32 32 0 cBackKillThresh=-1.0

wallThick=0.023 atomDensity=0.072110

atomic information: scattCS=5.100 absorpCS=5.080

Parameter Description

runCorrection T=Samplecorrectionwill becalculatedF=No corrections
run Sampledata le(s)

background Instrumentackgroundor sample

smooth 0=Nosmoothingof background

1=Backgroundvill be smoothedisingoverlappingsecond-ordepolynomials
2=Backgroundvill besmoothedisingthe Savitzky-Golay Iter
smoothRram smooth=1 DQFIT, FITREG,DQPEAK

DQFIT=widthof tting intenalsin unitsof ¢ Q=Q
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Parameter Description
FITREG=ratioof extrapolatedpointsto t points,i.e. if 1000pointsare t and
FITREG=0.05thenthe polynomialfrom the t will beusedto smooththe central
50 pointsof the t region
DQPEAK=widthof vanadiumBraggpeaksn unitsof ¢ Q=Q
smooth=2 LEFT, RIGHT, POLYNOM
LEFT=numberf pointsleft of a datapointfor averaging
RIGHT=numberof pointsright of a datapointfor averaging
POLYNOM=0Orderof polynomialfunctionfor averaging
radius Innerradiusof the samplecontainer(cm)
height Heightof the samplein thebeam(cm)
temp SampletemperaturéK)
runTitle Title of this experiment
wallThick Thicknessof thewall of the samplecontainerusuallyouterradius- innerradius
atomDensity Numberdensityof container
scattCS Scatteringcrosssectionof containerdefaultis for vanadium
absorbCS Absorptioncrosssectionof container

backKillThresh

vanKillThresh
vBackKillThresh
cBackKillThresh

Parameteifor Braggpeakremoval for backgroundun, -1: off, 0: full smoothing
andpeakremoval, N: pointsgreaterthanN Y.aretreatedaspeakandremoved
Sameasabove, justfor vanadiumrun

Sameasabove, just for vanadiumbackground

Sameasabove, justfor containetbackground

Next comesa sectionwith informationaboutthe sample glementscompositionanddensity

#Hi#HH  Sample Material

numElements=1 NormLaue=0.00000

Element relAtomNum atomMass atomCoherCS atomincoherCS atomAbsorpCS
Ni 1.0000 58.693 13.3000 5.2000 4.49000

density=4.0 effDensity=2.55

Parameter Description

numElements Numberof elementsn thesample

relAtomNum Relative numberdensityof element

atomMass Molar massof element

atomCoherCS Coherentrosssectionof element

atomincoherCS | Incoherentrosssectionof element

atomAbsorpCS | Absorptioncrosssectionof element

density Bulk densityof samplen g/cn?® (notused

effDensity Effective densityof samplein g/cn?
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Next comesa sectionwith detectoibankinformation.

####H# Banks=6  deltaQ=0.01 matchRef=1 matchScal=T matchOffset=T

bank angle blendQmin blendQmax (0.0 means no info)
1 90.0 1.51 33.10
2 -90.0 1.51 33.10
3 119.0 1.84 40.34
4 -119.0 1.84 40.34
5 148.0 2.05 45.00
6 -148.0 2.05 45.00
‘ Parameter Description
Banks Numberof banksto process
deltaQ Grid size¢ Q for thebinneddata
matchRef Referencédanknumberfor automatianatchingof S(Q), O=nomatching
matchScal T=usescalefor auto-matchingF=not
matchOfset T=useoffsetfor auto-matchingF=not
bank Banknumber
angle Bankanglein unitsof 2u
blendQmin DesiredQnin for thisbank
blendQmax Qmax for thisbank

Thenext sectioncontainanformationfor the differentprocessingrrograms.

####H#  Program  Specific Information

## Ft calcError=1 (A for true, O for false)

numRpoints=10000 maxR=100.0 numDensity=0.0 intMaxR=1.5

## Damp Qmin=1.51 Qmax=35.00 startDampQ=35.00 QAveMin=27
dampFuncType=0 modEqn=1.0000*S(Q) +0.0000 +0.0000*Q dampExtraToZero=0
## Blend numBanks=6 banks=1,2,3,4,5,6

## Soqd minProcOut=0

samPlazcek=1 vanPlazcek=1 smoothData=0 modifyData=1

## Corps minProcOut=0 numBanksMiss=0

Parameter Description

calcError 1=propa@teserrorin Fouriertransform

O=noerrorpropagtionin Fouriertransform

numRpoints Number of points in the PDF determines the stepsize according to
maxR/numRpointse.g. for maxR=20.0and numRpoints=200@he PDF is cal-
culatedon agrid with ¢ r=0.01A.

maxR Maximumdistancefor which PDFwill becalculated

numDensity numberdensityof thesample.lf > 0then¥r) andN (r) arecalculated
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| Parameter | Description
intMaxR Valueof r g, for calculationof Gqy
Qmin Qmin for nal melgedS(Q)
Qmax Qmax for nal memgedS(Q)
startDampQ Datawill bedampedrom Qgamp t0 Qmax
dampFuncype | 1=D1(Q) = sin[g, 2 <72 =0 S 76 ]
2=D2(Q) = DL(Q)expfi [Giaram) g
4D4Q) = O g, Gy )]
ary othervalue= nodamping
QAveMin StartvalueQ for calculatingaverage< S(Q) >
modEqgn S(Q) will be modi ed accordingto S(Q) = aS(Q) + b+ cQ beforeFourier
transforming
dampExtra®Zero | Controlsextrapolationof S(Q) to 0. If this valueis smallerthan0.0thenextrapo-
late S(Q) to S(Q = 0) = MIZMNYIL 6l5eS(Q < Quin) = 0:0
numBanks Numberof banksto beincludedin the nal S(Q)
banks Banknumbersof thebanksto beincluded
minProcOut O=Minimumoutputto Log le, 1=more,2=evenmore
samPlaczek 1=Calculate®laczekcorrectionfor sample 0=not
vanPlaczek 1=Calculatedlaczekcorrectionfor vanadium0=not
smoothData Additional smoothingof S(Q) (notused)
modifyData 1=correctionwill beapplied
O=nocorrectionswill beapplied

Thelastsectionof the history le depend®nthedata le formatandthe preprocessingrogramrequired.
Thesectiondor the differentformatsarediscussedbelow.

GSAS

This sectionof the history (or template) le is speci ¢ to usingthe GSAS le format. The corresponding
templatedistributedwith PDFgetNis calledGSAS.temp. Fromthedropdown menuon the startupscreen
selectGSASwhenworking with this le format.

#i###  prepgsas
instParamFile=

numBanksAdd=0
numBanksMult=0

prepOutput=1 numBanksMiss=0 fileExt=gsa

| Parameter | Description |
| prepOutput | 0=Minimal outputto log le, 1=more 2=ezenmore |
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Parameter Description

numBanksMiss | Numberof banksto miss,if > 0 thanbanknumbergo be missedhave to be sup-
plied

leExt File extensionfor data les

instParamFile Nameif the GSASinstrumentparameterle

numBanksAdd Numberof bankswith additive correctionsjf > 0 banknumberandadditive con-
stantsfor dataandbackgrouncdheedto be speci ed below

numBanksMul Numberof bankswith multiplicative correctionsjf > 0 banknumberand multi-
plicative constantgor dataandbackgroundeedto be speci ed below

IPNS

This sectionof the history (or template) le is speci ¢ to using the IPNS le format. Note that the
IPNSrun les needto be corvertedto ASCII usingsepdbtoa . The correspondingemplatedistributed
with PDFgetN is called IPNS_Ascii.temp . From the drop down menuon the startupscreenselect
IPNS_ Asciiwhenworking with this le format.

#it##  prepsepd
firstMonitor=5 secondMonitor=7
neutFunc=1 neutFrac=0.04
neutMinLambda=0.25 neutMaxLambda=5.27
neutStartLambda=0.0 neutEndLambda=0.0

prepOutput=1 numBanksMiss=0 fileExt=asc

numCal=6
Angle Difc DifA Tzero
139.69 7356.98 1.45 -1.84
150.0 7570.45 1.40 -2.83
90.0 5578.08 3.91 1.75
60.0 3904.24 10.77 13.04
30.0 2025.77 0.00 0.00
14.62 997.74 0.00 0.00
numBanksAdd=0
numBanksMult=0

Parameter Description

numBanksMiss | numberof banksto miss,if > 0thanbanknumbergso bemissechaveto besupplied

prepsOutput O=Minimal outputto log le, 1=more,2=evenmore

leExt File extensionfor data les

rstMonitor Banknumberfor the monitor Mak e sure that this is correct

secondMonitor Banknumberfor thetransmissiommonitor

neutFunc Functionfor delayedneutroncorrection

O=nocorrection
1=constanfraction,needsext threeparameters
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Parameter Description \
2=savtooth correction(appropriatef delayedneutronchopperwas used),needs
next veparameters

neutFrac Delayedneutronfraction

neutMinLambda | Minimum wavelengthin Afor delayedheutroncorrection

neutMaxLambda | Maximumwavelengthin Afor delayedneutroncorrection

neutStartLambda | Beginning of sawvtooth cut in delayedneutronbackground neutStartLambda
neutMinLambda

neutEndLambda | End of sawtooth cut in delayedneutronbackgroundneutEndLambda> neut-
MaxLambda

numcCal Numberof entriesfor diffractometeiconstant$o besuppliedin thetablefollowing
numCal. The default is for the joint Rietveld/PDFhistogram. Adjust for your
histogram if necessary

Angle Bankanglein unitsof 2u

DifC, DifA, Tzero | Diffractometeiconstants

numBanksAdd Numberof bankswith additive correction

numBanksMult Numberof bankswith multiplicative corrections

ISIS

This sectionof thehistory (or template)le is speci c to usingtheISIS le formats.Notethattherearetwo
differentformats: Ariel andNorm Also notethatNorm les needto be corvertedto ASCII rst. Thecor
respondingemplategistributedwith PDFgetNarecalledISIS _norm.temp  andISIS_ariel.temp
respectrely. Fromthedropdown menuonthestartupscreerselectiSIS _norm or ISIS_ariel whenworking
with thesele formats.

#HH#  prepnorm prepOutput=1 numBanksMiss=0 fileExt=asc
numBanksAdd=0

numBanksMult=0

Parameter Description

prepOutput 0=Minimal outputto log le, 1=more,2=evenmore

numBanksMiss

leExt
numBanksAdd

numBanksMul

Numberof banksto miss,if > 0 thanbanknumbergo be missedhave to be sup-
plied

File extensionfor data les

Numberof bankswith additive correctionsjf > 0 banknumberandadditive con-
stantsfor dataandbackgroundeedto be speci ed below

Numberof bankswith multiplicative correctionsjf > 0 banknumberand multi-
plicative constantgor dataandbackgrouncheedto be speci ed below
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Installation

B.1 Windows

The Windows versionof PDFgetN is distributed as a self-extracting installer Simply downloadthe le
PDFgetN-1.5-win32.exe (or the mostcurrentversion)andrun it by doubleclicking on the down-
loadedle. Thiswill starttheinstallationprocessandthe dialogshovn in FigureB.1 will appear Simply
follow theinstructionsonthescreerandthatis all, youarereadyto usePDFgetN. Theinstalleralsocontains
aversionof the programKUPLOT requiredfor the plotting functionsof PDFgetN

B.2 Linux/Unix

Unfortunatelythe installationof PDFgetN is not assimple, sincethe programneedsto be compiledfrom
thesourceandseveral otherprogramaeedto beinstalled.For alist of requiredprogramsandwhereto get
them,referto TableB.2. Firstdownloadthearchve PDFgetN-1.5.tar.gz or themostcurrentversion.
Next you needto unpackthearchie into atemporarydirectory Thisis doneusingthecommands:

Figure B.1: Windows installerfor PDFgetN
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Program Description Version

geelg77 C andFORTRAN compiler 2.95
http://www.gnu.org/software/gcc/gecc.html

Perl Perlscriptinglanguage 5.x
http://www.perl.com/pub/a/language/info/software.html

PerlTk Tk (GUI) packagdor Perl 800.012
http://www.perl.com/CPAN-local/modules/by-module/Tk/

KUPLOT | KUPLOT plotting program 4.17
http://www.totalscattering.org/programs/discus/

OpenGeniel Only requiredfor corvertinglSISNORM les 2.1°
http://www.isis.rl.ac.uk/openGenie/

Table B.1: List of programgequiredto install PDFgetN underUnix/Linux. Versionsmarkedwith ? indicateoptional
programpackages.

gzip -d PDFgetN-1.5.tar.gz
tar -xvof PDFgetN-1.5.tar

This will create a directory PDFgetN-1.5 . Changeto that directory using the command cd
PDFgetN-1.5 . Next starttheinstallationby typing

perl install.pm

If you do not have perl installed,you will getanderror message.nstall perl andperlTk rst and
restarttheinstallation.Theinstallerwill askfor aninstallationdirectory make sureyou actuallyhave write
permissionin thatdirectory Note,thatit is generallynotrequiredto log in asroot to installPDFgetN In
casethe installerdoesnot detectthe correctversionof the requiredadditionalsoftware,an error message
will appearReferto TableB.2 for informationhow to obtainthemissingprogramsNote,thatPDFgetNcan
beinstalledwithout KUPLOT, however, no plotting will thenbe possible.Oncetheinstallationis nished
successfullymake surethe installationlocationis in your path, so you can startthe programsimply by
typing PDFgetN.
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