
written by

ThomasProffen
Email: tproffen@lanl.gov

Peter Peterson
Email: pfpeterson@anl.gov

Matthias Gutmann
Email: M.J.Gutmann@rl.ac.uk

SimonBillinge
Email: billinge@pa.msu.edu

Documentcreated:February26,2003



Preface

Disclaimer

By downloadingtheprogramPDFgetN, youagreeto thetermsandconditionsconcerningits usespeci�edin
thelicenseagreementthatis providedaspartof thedistribution. Enduserswishingto makecommercialuse
of thesoftwaremustcontactLibraries,Computing& Technology, MichiganStateUniversity (MSU), East
Lansing,MI 48824;(517)353-0722prior to any commercialdistribution to discussterms. The Software
is provided to End Userby MSU on an asis basis.No usersupportis provided or implied. MSU makes
no warranty, expressor implied to enduseror to any otherpersonor entity. Speci�cally, MSU makesno
warrantyof merchantabilityor �tness for a particularpurposeof thesoftware. MSU will not be liable for
special,incidental,consequential,indirect or othersimilar damages,even if MSU or its employeeshave
beenadvisedof thepossibilityof suchdamages,regardlessof theform of theclaim.
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Publicationof resultstotally or partially obtainedusingtheprogramPDFgetN shouldstatethatPDFgetN
wasusedandcontainthefollowing reference:

PETERSON, P.F., GUTMANN, M., PROFFEN, TH. & BILL INGE, S.J.L. (2000)"PDFgetN:A
User-FriendlyProgramto ExtracttheTotalScatteringStructureFunctionandthePair Distribu-
tion Functionfrom NeutronPowderDiffractionData"J. Appl. Cryst., 33, 1192
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Chapter 1

Intr oduction

1.1 What is PDFgetN?

Now you might have installedPDFgetN andcanstart it simply by typing PDFgetN if you are running
UNIX, or doubleclicking on thePDFgetNicon in caseyou work with Windows. However, in caseyou are
notaPDFwizardhereis a little introductioninto thePDFmethod�rst. Theremainingusersguideexplains
thevariousfeaturesof PDFgetNmoredetail.

Thedeterminationof crystalstructuresis animportantpartof chemistry, physicsandof coursecrystal-
lography. Conventionalstructuredeterminationis basedon theanalysisof the intensitiesandpositionsof
Braggre�ectionswhich only allows oneto determinethelong rangeaverage structureof thecrystal.Only
one-bodyinformationsuchasatomicpositions,siteoccupanciesandtemperaturefactorscanbeextracted.
Determinationof the average structurebasedon powder diffraction datais now routinely doneusingthe
Rietveld (Rietveld,1969)methodwhich is very similar to thefull pro�le re�nementof theatomicpair dis-
tribution function(PDF)aswe will seelater. It shouldbekeptin mind thattheanalysisof Braggscattering
assumesa prefectlong rangeperiodicityof thecrystal. However, many materialsarequitedisorderedand
evenmoreimportantthekey to thedeeperunderstandingof their propertiesis thestudyof deviationsfrom
theaverage structureor thestudyof thelocal atomicarrangements.Deviationsfrom theaverage structure
resultin theoccurrenceof diffusescatteringwhich containsinformationabouttwo-bodyinteractions(Wel-
berryandButler, 1995;Frey, 1995). In recentyearstheanalysisof diffusescatteringfrom singlecrystals
aswell aspowdersusingcomputersimulationshave madegreatadvances,in particularusingthe Monte
Carlo(MC) andtheReverseMonteCarlo(RMC) technique(WelberryandButler, 1995;Nield et al., 1995;
WelberryandProffen,1998;ProffenandWelberry, 1998,1997).

Anothermethodto reveal the local structureof a crystalsis the analysisof the PDF. This methodis
long known in the �eld of studyingshortrangeorderin liquids andglassesbut hasrecentlybeenapplied
to crystallinematerials(Egami, 1998;Billinge andEgami, 1993). The PDF is obtainedfrom the powder
diffractiondatavia asimpleFouriertransformof thenormalizedscatteringintensityS(Q):

G(r ) = 4¼r [½(r ) ¡ ½0] =
2
¼

Z 1

0
Q[S(Q) ¡ 1]sin(Qr )dQ; (1.1)
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CHAPTER 1. INTRODUCTION UsersGuide

where½(r ) is themicroscopicpair density, ½0 is theaveragenumberdensityandQ is themagnitudeof the
scatteringvector. For elasticscatteringit is Q = 4¼sin(µ)=¸ , with 2µ beingthe scatteringangleand¸
thewavelengthof theradiationused.SincethePDFcontainsBragganddiffusescattering,theinformation
aboutlocal arrangementsis preserved. ThePDFcanbeunderstoodasa bond-lengthdistribution between
all pairsof atomsi andj within thecrystal(up to a maximumdistance),however eachcontribution hasa
weightcorrespondingto thescatteringpower of the two atomsinvolved. In orderto carryout theFourier
transformin (1.1)we would needto measuredataup to Q = 1 , which of courseis not possible.Thusthe
terminationat a valueof Q = Qmax will causeso-calledterminationripples in thePDFwhich, however,
caneasilybe modelled.With the availability of modernsynchrotronandneutronsourcesit is possibleto
collectpowderdiffractiondataup to highvaluesin Q.

Once,a PDF is obtained,thereareseveral waysto model it. Most desirableis a methodbasedon a
structuralmodel.Two programsthatwork directlywith theoutputof PDFgetNwill bementionedhere:(1)
PDFFIT, areal-spaceRietveldprogram(ProffenandBillinge, 1999)whichis usedfor re�ning asmallstruc-
turalmodeland(2) DISCUS(ProffenandNeder,1997)usingaReverseMonteCarloapproach(McGreevy
andPusztai,1988)e.g. to yield structuralparametersfrom a largemodel"box". Themodellingof thetotal
scatteringfunctionS(Q) alsobecomesincreasinglyimportant.This is partly becausethedatais corrected
for backgroundandmultiplescatteringeffectsandthusthebackgroundbecomesbetterde�ned in Q regions
whereBraggpeaksoverlap.Thisof coursecouldonly beaveryshortoverview of thePDFtechnique,much
moreinformationcanbefoundin arecentreview articleby Proffenetal. (2003)or anupcomingbookabout
thePDFtechniqueby EgamiandBillinge (2003).

After talkingaboutthePDFandits modellingverygenerally, thequestionremainswhatdoesPDFgetN
actuallydo ? In a �rst step,themeasuredataarecorrectedfor backgroundscattering,containerscattering
aswell astheincidentspectrumaccordingto Eq. 1.2.

I =
(S ¡ SB ) ¡ ®(C ¡ CB )

V ¡ VB
(1.2)

HereS is thesamplescattering,C is thescatteringfrom anemptysamplecontainerandV is thescattering
from a vanadiumsamplewhich characterizesthe incidentspectrum.SB ; CB andVB arethe background
spectrafor thecorrespondingruns. If all measurementsweremadeusingthesameancillaryequipment,all
thebackgroundrunsrefer to a singlemeasurement.The factor® takesinto accounttheabsorptionof the
sample.Somemorediscussionaboutcharacterizationrunsis givenin section3.1. Next, thecombineddata
I needto benormalizedandcorrectedto obtainS(Q). This involvestheinteractionwith severalprograms
thatcalculatetheabsorption,multiplescatteringandPlazcek(inelasticity)correction,andcombinetheruns
to yield a PDFwhich forms thebasisfor a detailedanalysisof the local structure.PDFgetNallows users
to obtainS(Q) andPDFfrom time-of-�ight neutronpowderdiffractiondatafrom awidevarietyof neutron
powderdiffractometers.It is easyto usewith a graphicaluserinterfaceandembeddeddatasuchasneutron
scatteringlengths.Thedataanalysisprogramshavebeenderivedfrom theGLASSpackage(Price,undated).
A key featureof PDFgetN is that it savesdataanalysisparametersfor a particularS(Q) andPDF, theso-
calleddata-analysishistory, thatcanbereloadedinto PDFgetN. Thehistorycontainsthe �le namesof the
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CHAPTER 1. INTRODUCTION UsersGuide

underlyingdata�les andtheparametersusedto obtaintheS(Q) andPDF. Anotherfeatureis thepossibility
to visualizetheresultof eachanalysisstepwith a varietyof options.Theprogramalsocalculatesdifferent
quality factors(Petersonetal., 2003b)for theresultingS(Q) aswell asthePDF, G(r ).

Finally the questionariseswhich diffractometersaresupportedby PDFgetN ? The simpleansweris,
any neutrontime-of-�ight powderdiffractometerthatcanproduceGSAS�le is compatiblewith PDFgetN.
Somenative formatsfor selectedinstrumentsarealsosupported,for detailsseesectionA.1.

1.2 What is new?

If you have usedPDFgetN before,you might askwhat is new in this versionof the program.Below you
�nd sectionsdescribingthemajorchangesin thedifferentreleasesof PDFgetN.

Version1.5

This is the �rst revision of the usersguidesinceversion1.3 of the program,so all changesreferredto in
this sectionarechangesbetweenversions1.3 and1.5. So the usersguideyou arecurrentlyreadingis a
new featureof this versionof the program. Anotherdifferenceonewill notice is the new self-extracting
installerfor Windows. If installingPDFgetNunderWindows, no otherinstallationof supportingsoftware
is required.Detailsabouttheinstallationprocedurearediscussedin appendixB.1.

PDFgetN 1.5 now fully supportsthe input of GSAStype data�les, makingthis programcompatible
with almostany neutrontime-of-�ight powderdiffractometerin theworld. Eventhoughthepreviousnative
�le formatsfor someselectedinstrumentsarestill available,we stronglyrecommendusingGSASasthe
data�le format.Theplotting featureshavenow beenintegratedin themainPDFgetNpanelandin addition
to all intermediate�les, onecannow alsoplot thevaluesof thedifferentcorrectionsapplied(see2.7). Data
�les cannow beselectedfrom alist by right-clickinginto thecorrespondingdata�les (see2.2).ThePlazcek
correctionfor thesampleand/orvanadiumruncannow bedisabledfrom theGUI (see2.4)andthe�nal grid
sizefor S(Q) cannow be enteredfrom the GUI aswell (see2.6). In additionthe S(Q) valuescannow
bematchedto a referencebankbeforetheblendingstep.Finally two new featuresallow thecalculationof
quality factorsaswell asanautomaticoptimizationof theresultingPDF, G(r ) (see3.3andPetersonet al.
(2003b)).

1.3 Mor e information and other programs

To �nd outaboutrecentupdatesof PDFgetNor to getfurtherinformationvisit thePDFgetNWWW home-
pageat thefollowing site:

http://www.totalscattering.org/programs/PDFgetN/

Thismanualwill alsomentionthere�nementandmodellingprogramsPDFFIT andDISCUSaswell asthe
plotting programKUPLOT. All of theseprogramsaredesignedto work with PDFgetNoutputandarepart
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CHAPTER 1. INTRODUCTION UsersGuide

of theDiffusepackageof programs.For moreinformationandto downloadtheseprograms,pleasevisit the
Diffusehomepageat

http://www.totalscattering.org/programs/discus/or
http://www.uni-wuerzburg.de/mineralogie/crystal/discus/

If all elsefails andyou arestuckwith a problemthatseemsunsolvable,pleasecontactoneof theauthors
who aremore thanhappy to try andhelp solve your problem. Also any commentsor wishesfor future
versionsaremorethanwelcome.
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Chapter 2

UsingPDFgetN

In thischapterwewill discussin detailhow to usePDFgetN. Theprogramwindow consistsof threesections:
The �le input �elds on the top. The middle sectioncontainsfour different information panels: sample
information, experimentalinformation, detectorbankinformationandplottingcontrols. Thedifferentpanels
canbe activatedby clicking on the correspondingtab in the main window of PDFgetN. The bottompart
containsbuttonsandcontrolsto make theprogramactuallydo something.In the following sections,each
sectionandpanelof theprogramwill bediscussedin detail.

2.1 Starting PDFgetN

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

Figure 2.1: Startupscreenof PDFgetN.
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CHAPTER 2. USING PDFGETN UsersGuide

/usr/special/bin/PDFgetN-1.5/PDFgetN.pl . If you arerunningWindows andhave installed
thedesktopicons,simply doubleclick on thePDFgetNicon. If no desktopicon is installed,browseto the
"binary" directoryof thePDFgetN installationdirectoryanddoubleclick PDFgetN.exe . In eithercase,
thestartupscreenof PDFgetNwill appearasshown in Figure2.1. At this point you caneitherstartfrom
scratchby selectinga templatefrom the drop down menu. The templateto selectis given by the format
of thepowderdiffractiondatathatwill beused.Detailsaboutthesupporteddata�le formatsaregiven in
AppendixA.1. In casea templateis used,the desiredworking directoryalsoneedsto be speci�ed in the
bottominput �eld. NotethatevenunderWindows,thedirectorynamesareseparatedby / ascommonunder
Unix. Thesecondoptionis to loadapreviouslycreated�le by eithertyping in thenameor usingthebrowse
button. Make surethebuttonnext to thedesiredselectionis highlighted. In our examplewe load the �le
sepd_tutorial.hstwhich canbefoundin thetutorial directoryof theprogramdirectory. If you areworking
with asharedinstallation,youmightnothavewrite permissionin thetutorial directory. In thiscase,simply
copy all the�les from thetutorial directoryto a local directory. After we click ok, thetutorial dataareread
andwearereadyto go. Sometimestheremightbeathird option,loadtemporary history�le . In thiscasethe
selectedworkingdirectorycontainsahistory�le from apreviousPDFgetNsession.Theprogramis always
keepinga temporaryhistory�le re�ecting thecurrentsettings,whichallowsoneto simplycontinuingat the
pointPDFgetNwasterminatedlasttime.

2.2 Data �le input

The top sectionof the PDFgetN window allows one to enterthe namesof the dataandcharacterization
run �les. This sectionis highlightedin Figure2.2. The input in the top row correspondsto thesampleS,

Figure 2.2: File inputareaof PDFgetN.
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CHAPTER 2. USING PDFGETN UsersGuide

Figure 2.3: File selectdialogof PDFgetN.

vanadiumV andcontainerrun C. The row below hasinput �elds for the correspondingbackgoundruns
SB ; VB andCB , respectively. Themimimumsetof runsarea sampleanda vanadiumruns,theother�elds
canbe left blank. Someexperimentalconsiderationsto obtaina high quality PDFarediscussedin section
3.1.Sometimes,onewantsto mergeseveralruns.Thiscanbedoneby enteringa list of �lenamesseparated
by commas.Also note,that the �lenamesareenteredwithout �le extension. All data�les musthave the
correctextension,however, the default extensioncanbe changedin the so-called"expert edit mode"(see
2.3). Look for the�eld fileExt= andchangethevalueto thedesiredextenstion.

Ratherthanenteringthe�lenamesmanually, PDFgetNallows oneto selectthedesiredrunsfrom a list.
Simply usetheright mousebuttonandclick into thedesireddata�le input �eld anda list will appear(see
Figure2.3). The dialog lists the �le namesaswell asthe run titles, making�nding the correct�le easy.
Highlight thedesired�les andclick select. Multiple �les canbeselectedby holdingdown thecontrol key
whenclicking on the�les.

2.3 Action buttons

Thebottomsectionof themainwindow containsall buttonsneededto actuallyhavePDFgetNdoanything.
This part is highlightedin Figure2.4. On the left we �nd four buttonsfor processcontrol. Deleteall will
deleteall intermediate�les. Unsually the processedcharacterizationrunsdo not needto be reprocessed
unlesse.g. smoothingparametershave beenchanged.Using this button forcesPDFgetN to reprocessall
�les. Thethreebuttonsnext to it executedifferentexternalprogramsthatactuallyprocessthedata:Create
S(Q)will combineandnormalizethedataandapplyall corrections.TheresultingS(Q) is still separatefor
theindividualbanks.Blendbankswill doexactly thatandcombinethevaluesof thedifferentdetectorbanks
to a singleS(Q). Finally CreateG(r) will cut theblendeddataandcalculatetheresultingG(r ). As a step
is completed,thecorrespondingbuttonturnsgreen.

Thegroupontherightof bottonsectionconsistsof adropdownmenuandaDo it button.Thephilosophy
is to selectthedesiredactionfrom thelist andclick on thebuttonfor execution.Thechoicescanbeseenin
Figure2.4(right). The�rst two choicesareto view or print thecurrentplot (seesection2.7).Next theoutput
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Figure 2.4: Processingcontrolarea(left) anddropdown menuselectionsof PDFgetN.

andinput �les of every externalprocessingprogramcanbeviewed. Seeingtheinput �les is mainly useful
for debugging,however, theoutputlog �les containmuchinterestinginformationabouttheprocessingrun.
The item Edit all startsthe"expertedit" modewhich allows oneto directly modify thecurrenthistory �le
sincenot all settinghave a spotin thegraphicalusersinterface.A detaileddiscriptionof thehistory �le is
givenin appendixA.3. TheitemAnalyzelistsvariousquality factors(Petersonetal., 2003b)for thecurrent
PDF. Finally Optimizeallowsoneto automaticallyoptimizethePDFaswewill seein section3.3.

2.4 Sampleinformation

Thesampleinformationpanelis shown in Figure2.5.To activateit, simplyclick ontheSampleinformation
tab. On thetop it containsthesampledensityandtheeffective sampledensity, ½eff . Thesampledensityis
not usedin any calculationandcane.g. be usedto recordthe bulk densityof the material. The effective
density, ½eff , howeveris averyimportantquantitycontrollingthenormalizationof S(Q). Thesimplerule is,
if theeffectivedensityincreases,theasymptoteof S(Q) decreasesandviceversa. Thegoalis to normalize
S(Q) at high valuesof Q to one.In many casesthis is theonly parameterthatneedsto beadjustedto geta
goodPDF. Below thechemicalcompositionof thesampleis listed.To changeor addelements,click on the
buttonElementsandaperiodictablewill appearallowing oneto selectthedesiredelements(seeFigure2.6
left panel).Oncetheelementsareselected,a seconddialogappears(Figure2.6 right panel)askingfor the
relativecomposition.Any notationworks,however, internallythefractionsarenormalizedto oneandthese
normalizedvaluesappearin thetable.All othervaluessuchascrosssectionsaretakenfrom a lookuptable.
Note,thatin orderto useisotopes,oneneedsto enterthe"experteditmode"andprovideall theinformation.
The nameof the elementneedsalsoto be changed,e.g. from H to D, otherwisethe given valueswill be
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Figure 2.5: Sampleinformationpanelof PDFgetN.

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

overwritten. Also if you want to updatesomeof thecrosssectionse.g. with morerecentvalues,you need
to renametheelementsin someway, sincePDFgetNwill overwriteall valuesof elementnamesthatmatch
namesin thelookuptable.

2.5 Experimental information

Theexperimentalpanelis shown in Figure2.7. Again it is activatedby clicking on theExperimentalinfor-
mationbutton.Startingfrom thetopwe �nd theexperimenttitle, usernameandnameof theinstrumentthe
datawerecollectedon. Below onecanselect,if thePlazcekcorrectionfor thesampleandvanadiumcanis
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CHAPTER 2. USING PDFGETN UsersGuide

Figure2.7: Experimentalinformationpanelof PDFgetN.

appliedor not. Furtherbelow aresomegeometricdimensionsof thesamplecan,thevanadiumrod andthe
beamheight.All valuesaregivenin centimeters.NotethatPDFgetNcanonly dealwith uprightcylindrical
samplescorrectly. Also if a containermaterialotherthanvanadiumis used,somemodi�cations in "expert
edit mode"arerequired,sincethecrosssectionanddensityinformationfor thecontainermaterialneedto
be changed.The �elds to be changedare in the sectionstartingwith ##### Container (seesection
A.3). The last sectionin theexperimentalpaneldealswith smoothingparametersfor thecharacterization
runs. Note thaton caseyou aredealingwith GSAS�les, anadditional�eld appearsto specifytheGSAS
instrumentparameter�le correspondingto themeasurement.

2.6 Detectorbank information

Next we discussthe detectorinformationpanelandonceagain it is activatedby clicking on the Detector
informationbutton. The panelconsistsof a tablewith detectorbank informationandbelow a sectionto
specifyinformationaboutthe�nal S(Q) andthePDFitself. Theheaderof thedetectortablecontainsthree
buttons:Clicking onBankNumberinvokesthedialogboxshown in Figure2.9(left). Onecaneitherspecify
thenumberof bankscorrespondingto thecurrentdatasetandenterall otherinformationmanuallyor read
the informationfrom a preprocessedintermediate�le. In this casebankanglesandQ rangearereadfrom
the �le. In caseno banksarede�ned, the processingwill top after that intermediate�le is producedand
the bankinformationcanbe imported. However, the valuesin columnslabelledQmax andQmin canbe
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Figure 2.8: Detectorbankinformationpanelof PDFgetN.

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

changedto the desiredlimits for the blendingstep. In many casesdatacontainspuriousfeaturesat the
boundariesthatneedto beexcluded.As analternativeonecanuseaQ rangefor eachbankthatcorresponds
to a constantrangein neutronwavelength,¸ . To specifythe lower or upperQ limits correspondingto a
given wavelength,click on the Qmin or Qmaxbuttons. The dialog box shown in Figure2.9 (right) will
appear. Simplyenterthehighest/lowestQ valueandclick theconvertbutton.Youseethewavelengthvalue
updateandby thenclicking thesetbutton,theQ valuescorrespondingto thedisplayedwavelengthwill be
set.ColumnIncludeBankallowsoneto includeor excludeacompletebankfrom theblendingprocess.The
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lastfour columnscontainpossiblecorrectionfactorsor offsetsfor thesampleor backgrounddata.Notethat
thesevaluesareappliedto therawdatabeforenormalization.

After thedatafrom thedifferentbanksareblendedinto asingleS(Q), the�nal dataneedto betruncated
andrebinnedon a grid with constant¢ Q. The top row below the detectorbankinformationcontainsthe
relevant information. OnecanspecifytheminimumandmaximumQ valueto beusedfor the �nal S(Q).
TheprogramextrapolatesS(Q) from thegivenlower limit to Q = 0. As default, thedataaresimply cut at
thegivenupperlimit, PDFgetNhowever, allows to applya dampingfunctionaswell. This again needsto
gespeci�edin "expertedit" modeandfor detailsabouttheavailablefunctions,referto appendixA.3. Note,
thatthemodellingprogramsPDFFIT andDISCUScanonly modeltheeffectof terminationfor asimplecut.
Thelast�eld in thatrow containsa referencebanknumber. If avalid banknumberis give, theS(Q) values
of thedifferentbankswill bemodi�ed to give thebestoverlappossibleby automaticallyapplyinga scale
andoffset. If the referencebankis setto zero,no suchmodi�cation is carriedout. The input �elds in the
bottomrow of thedetectorinformationpanelspecifythemaximumvaluer max andthenumberof points,
N , for G(r ). Note that currentlyPDFgetN will alwayscalculatethe PDF from ¢ r andthe stepwidth is
givenby ¢ r = rmax=N . The lastvaluegiven in that row is thenumberdensity½0. If a nonzerovalueis
given,PDFgetNwill calculatethefunctions½(r ) (Eq. 2.1)andthecoordinationnumberN (r ) (Eq. 2.2)as
well asG(r ).

½(r ) = G(r )=(4¼r ) + ½0 (2.1)

N (r ) =
Z r

0
4¼r 2½(r )dr (2.2)

2.7 Plotting

PDFgetNhasabuild-in plottingcapability. To switchto theplottingcontrolspanel,simplyclick onthePlot-
ting button.NotethatPDFgetNrequirestheplottingprogramKUPLOT for theactualplotting. If KUPLOT
is not found, the panelwill containjust the messageKUPLOT not found. UnderWindows, KUPLOT is
includedin thebinarydistributionandthisproblemshouldnotoccur. 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,theplotting controlspanelshown in Figure2.10on the left will appear. The
buttonson the left allow oneto selectwhat datawill be plotted. All the intermediate�les areASCII and
canbe plottedusingotherprogramsaswell. Detailsabout�le namesandformatsaregiven in appendix
A.2. In sectionlabelledData �le onespeci�esif sample,vanadiumor containerdatashouldbeplotted.Of
courseafter processingstepS(Q) andbeyond, only sampledataareavailableandthe other two buttons
becomedisabled.In sectionProcessingstageonespeci�eswhich intermediate�le is to beplotted.A listing
and explanationof the different choicesis given in Table 2.1. The bottom left areaCorrectionsallows
one to selectthe absorption,multiple scatteringandPlaczekcorrectionto be plotted. If automaticbank
matchingwasselected(seesection2.6),onecanalsochooseto plot therebinnedandrescaledS(Q) data.
Thecheckboxeson theright of theplotting controlspanelareusedto specifycertainplotting options,such
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Figure2.10: Plottingcontrolpanel(left) andplottingwindow (right) of PDFgetN.

Processingstage What is it ? Data

Prep(raw) Raw data;if multiple �les aregiven,they aremergedat thisstage. B,V,C
Prep(smoothed) Sameasabove, justaftersmoothingis applied. B,V,C
I(Q) (int) Intensitiesafternormalizationandbackgroundsubtraction. S,V,C
S(Q)(raw) S(Q) aftercorrectionsareapplied,but still separatefor individualbanks. S
S(Q)(blend) S(Q) aftermergingof all banksandrebinningonconstantQ grid. S
S(Q)(damp) S(Q) after�nal terminationandextrapolationto Q = 0. S
G(r) PDFG(r ) S
½(r) ½(r ) (if ½0 wasspeci�ed) S
N(r) N (r ) (if ½0 wasspeci�ed) S

Table2.1: List of processingstagesfor plotting.

asplotting markersor error bars. If Plot 'blend' range only, the rangein Q that is displayedis truncated
accordingto thevaluesgivenin thedetectorinformationpanel.Otherwise,thefull rangepresentin thedata
is shown. If interactiveplot is checked,theplot window will containseveralbuttonsallowing oneto specify
a region of interestandsoone.By clicking in thebuttonDo it with Plot selectedin theactionbuttonsarea
of PDFgetN, theselecteddatawill beplotted(seeFigure2.10right). Note,that in caseof an"interactive"
plot, oneneedsto exit the interactive modeby clicking theExit menubutton to regain controlof themain
PDFgetNwindow. In orderto print (or save) thecurrentplot, simpleselectPrint Plot from themenunext to
theDo it buttonandhit theDo it button. If youarefamiliarwith KUPLOT commands,youcanusetheEnter
Commandbuttonon theplottingscreento enterany valid KUPLOT command.However, dueto thecurrent
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Figure 2.11: Dropdown menuof PDFgetN.

implementationoneneedsto type really slow to avoid charactersbeinglost. Finally, the color schemeof
KUPLOT canbecustomizedusingtheOptionsmenuasdiscussedin section2.8. If youhavefollowedalong
usingthetutorialdataandplot the�nal S(Q), youwill notice,thatthedataarenotquitenormalizedathigh
Q. The horizontalline in the plot marksS(Q) = 1. As a practice,you shouldtry adjustingthe effective
densityandreprocessthedatauntil youhaveagoodnormalization.

2.8 PDFgetNmenu

Theonly partof thePDFgetNgraphicalusersinterface,we have not discussedsofar arethemenuswhich
areshown in Figure2.11. First let us look at the File menu: The choiceNew will bring up the startup
dialog (see2.1) andonecanstarta new dataprocessingsession.The entriesSaveandLoad will save or
loada history�le. Thethree�les thataresavedarethe�nal S(Q) (�le.sq)m thePDFG(r ) (�le.gr) andthe
processinginformation(�le.hst). Note that the S(Q) aswell asG(r ) data�les have the sameprocessing
informationpre-pendedto the data,so any of the three�les canbe loadedinto PDFgetN. The entry Exit
will (no surprisehere)terminatetheprogram.ThemenuentryOptionshasthreeentries.If the�rst choice
Deleteinput and log �les is checked,PDFgetNwill deleteall intermediate�les uponexiting theprogram,
otherwiseall intermediate�les will remainafter theprogramis terminated.Thenext entry, Change colors
.., allows oneto changethecolorsof thePDFgetN interfaceaswell astheKUPLOT plotting colors. The
new colorsselectedto thePDFgetNinterfacewill only beshown afterthedefaultshave beensavedandthe
programhasbeenrestarted.Thelastentry, Savedefaults.., will save thecurrentPDFgetNsettingsasnew
default values.

2.9 Batch processing

So far we have usedPDFgetN throughits graphicalusersinterface. This is the default behavior if no
commandline parametersaregiven. However, PDFgetNcanalsobeusedfor batchprocessingof data. In
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Parameter What is it ? Default

�le PDFgetNhistoryinput �le.
-gui StartPDFgetNwith graphicalinterface. D
-nogui Start PDFgetN without graphicalusersinterface. If no �lename is given the

programwill promptfor one.
-keep Keepintermediate�les.
-nokeep Deleteintermediate�les. D
-opt Runautomaticoptimizationon �nal G(r ) (see3.3).
-noopt No automaticoptimization. D
-help Printhelpmessage.
-debug Runtheinterfacewithoutactuallyprocessingdata.

Table2.2: PDFgetNcommandline parameters.

thiscasetheprogramneedsto bestartedfrom thecommandline with oneor morecommandline parameters.
A list of valid parametersis givenin Table2.2. This way onecancreatescriptse.g. in PERLthatmodify a
certainvaluein thehistory�le andrunaseriesof PDFgetNprocessingruns.
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Optimizing the PDF

In this chapterwe will give a very shortoverview aboutexperimentalconsiderationsfor a neutronPDF
measurementaswell assomehints how to optimizethe resultingG(r ) usingPDFgetN. A moredetailed
summaryaboutthetheoreticalPDFdataprocessingdetailscanbefoundin Toby andEgami (1992)andin
thenew bookby Egami andBillinge (2003).For anevenmoretheoreticalapproach,onemight referto the
bookby Warren(1990).

3.1 Experimental considerations

In thissectionwewill discussa few basicconsiderationsregardingtheneutronscatteringexperimentitself.
Firstof all, becausethePDFis obtainedvia Fouriertransformfrom thescatteringdata,theextendof thedata
in Q-spacedeterminesour realspaceresolutionof thePDF. This is a resultof theterminationeffectwhich
manifestsitself in a convolution of thedatawith theFourier transformof thecut-off functionof S(Q). In
caseof asimplecut, this functionis simplysin(Qmaxr )=r. Theeffectof Qmax is illustratedin Figure3.1.
Hereweseethenearestneighbor(NN) peakof asemiconductoralloy (Petersonetal., 2001).Thesolid line
correspondsto aterminationatQmax = 40Å¡ 1, thehighestvalueachievablefor thesedata.Onecanclearly
seethat theNN peakis split, in factwe observe two distinctbondlengthshowing that locally thestructure
retainstheendmemberNN bondlength. Thedashedline in Figure3.1shows thesamedata,but this time
terminatedatQmax = 17Å¡ 1, avaluecorrespondingto MoK®radiationor aspectrumcollectedatareactor
neutronsource.In this casewe do not observe thepeaksplit. Fromthis it is apparentthattherequiredreal
spaceresolution,¢ r will determinethevalueof Qmax required.However, usingpulsedneutronsor high
energy X-rays,valuesof Qmax > 50Å¡ 1 caneasilybeachieved.

The in�uence of theQ resolution,¢ Q, on thePDFcaneasilybeseenby inspectingFig. 3.2 showing
G(r ) for Ni obtainedfrom thenew NPDFdiffractometerat theLujan CenterandtheGLAD instrumentat
theIntensePulsedNeutronSource.In all casesthedatawereprocessedusingPDFgetNandthescattering
datafor both instrumentswereterminatedat Qmax = 35Å¡ 1. Note that thePDFin Fig. 3.2 is shown up
to distancesr = 100Å. TheQ resolutionresultsin anexponentialdampeningof thePDFpeaksasfunction
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Figure 3.1: Nearestneighborpeakof PDFof semiconductoralloy with S(Q) terminatedat Qmax = 40Å¡ 1 (solid
line) andQmax = 17Å¡ 1 (dashedline). Datafrom Petersonetal. (2001).

Figure 3.2: In�uence of thereciprocalspaceresolution¢ Q on thePDF. Thesolid line aredatafrom NPDFat Lujan
Centerat Los AlamosNationalLaboratoryandthedotsaredatafrom GLAD at IntensePulsedNeutron
SourceatArgonneNationalLaboratory(from Proffenetal. (2002)).
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Facility Instrument Speci�cations

LujanCenter NPDF Resolution:¢ d=d ¼ 0:15 ¡ 0:31%, Q range:¼ 1:5 ¡ 51:1Å ¡ 1

http://lansce.lanl.gov/lujan/instruments/npd/npd.htm
HIPPO Resolution:¢ d=d ¼ 0:40 ¡ 5:0%, Q range:¼ 0:13 ¡ 52:4Å ¡ 1

http://lansce.lanl.gov/lujan/instruments/hippo/hippo.htm
HIPD Resolution:¢ d=d ¼ 0:30 ¡ 3:0%, Q range:¼ 0:2 ¡ 60:0Å ¡ 1 (not in usersprogram)

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

IPNS GPPD Resolution:¢ d=d ¼ 0:26 ¡ 0:76%, Q range:¼ 1:1 ¡ 60:4Å ¡ 1

http://www.pns.anl.gov/instruments/gppd/
SEPD Resolution:¢ d=d ¼ 0:34 ¡ 4:7%, Q range:¼ 0:6 ¡ 47:3Å ¡ 1

http://www.pns.anl.gov/instruments/sepd/
GLAD Resolution:¢ d=d ¼ 0:6 ¡ 5:0%, Q range:¼ 0:2 ¡ 45:0Å ¡ 1

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

ISIS GEM Resolution:¢ d=d ¼ 0:34 ¡ 4:7%, Q range:¼ 0:6 ¡ 100:0Å ¡ 1

http://www.isis.rl.ac.uk/disordered/gem/gem_home.htm
POLARIS Resolution:¢ d=d ¼ 0:5 ¡ 1:0%, Q range:¼ 0:3 ¡ 31:5Å ¡ 1

http://www.isis.rl.ac.uk/crystallography/polaris/

Table3.1: List of neutronpowder diffractometersfor PDF studiesat Lujan Centerat Los AlamosNationalLabo-
ratory, USA, IntensePulsedNeutronSource(IPNS) at ArgonneNationalLaboratory, USA andat ISIS
at RutherfordAppletonLaboratory, England. The information is taken from the respective instruments
WWW pages.

of r (Toby and Egami, 1992). Using high Q-resolutiondatafor PDF analysisfrom an instrumentsuch
asNPDF, allows oneto accessmediumrangedistances,r ¼ 10 ¡ 100Å, openingup a new territory of
research.In summary, the requiredreal spaceresolutionof the PDF will determinethe necessaryQmax
and the desiredmaximumrangein r will determinethe Q spaceresolution¢ Q one needs. One other
questionis what would be consideredsuf�cient statisticsfor a PDF measurement.Note that the overall
countingtime will be dominatedby the count rateat high Q values. Onerule of thumbis the so-called
Egami rule which statesthat one wantsto accumulate106 neutrons / Å¡ 1 in the high Q region of the
measurement(Toby andEgami, 1992). Anothervery importantconsiderationis to choosean instrument
andancillaryequipmentwith a very low backgroundscattering,sincewe arenot only interestedin Bragg
scatteringbut also in the weak diffuse scattering. A list of currentneutronpowder diffractometers,the
authorshave successfullyusedto measurePDF dataarelisted in Table3.1. Finally a PDF measurement
usuallyrequiresseveralcharacterizationrunsin additionto thesamplemeasurement.On someinstruments
standardcharacterizationrunsaremeasuredbeforethe run cycle startsandarealreadyavailable,on other
instrumentsor whenusingspecialancillaryequipment,thosemeasurementsbecomepartof theexperiment.
Usuallythreemeasurementsbesidesthesamplerunarerequired:vanadium, emptycontainerandinstrument
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background. In somecasesthebackgroundmight beso low, thata backgroundmeasurementis not really
necessary. In somecasesthe vanadiumrunswasperformedusinga differentsetup,so it needsits own
backgroundrun. However, it is recommended,to carryoutall runsin thesameinstrumentcon�guration.

3.2 Normalization

Oneof the most importanttaskswhenprocessingdatato S(Q) is to obtaina correctnormalization,i.e.
S(Q) ! 1 for Q ! Qmax. Finding thecorrectsinglescatteringS(Q) meanshaving thecorrectsample
containerdimensions,beamdimensionsand the effective sampledensity½eff . Unfortunatelythe S(Q)
obtainedcan be distortedby a scaleor offset or both and all the requiredinformation listed above has
its own error bars. Usually oneusesthe effective sampledensity½eff asthe "knob" to obtainthe proper
normalization.If ½eff is increase,the resultingS(Q) will decreaseandvice versa. However, the density
cancompensatefor errorse.g.in thebeamdimensionsresultingin ascaledPDF. For structuralre�nements
usinge.g.PDFFIT a build in scalefactorwill take careof theproblemandits deviation from unity will be
theindicationhow goodthenormalizationhasbeen.If one,on theotherhand,wantsto obtaincoordination
numbersby integratingPDFpeaks,a scalefactoris unacceptable.In thosecases,a referencesamplewith
known coordinationnumberscanbeused,to obtainthecorrectsampleandbeamdimensionsandthoseare
thenusedfor subsequentdataprocessing.In any caseaproperlynormalizedS(Q) is arequirementto obtain
a meaningfulPDF G(r ). Most of the time visual inspectionof S(Q) usingthe build in plotting function
of PDFgetNwill besuf�cient to judgetheS(Q) ! 1 criterion. However, theprogramalsocalculatesthe
average< S(Q) > overagivenQ range.Thevalueis listedin theanalyzedialog(seesection2.3).

3.3 Automatic optimization

The ultimate featureof any processingprogramis the automatic,reliableoptimizationof the processing
process.PDFgetN hasthe capabilityof optimizing the PDF by changingthe scaleandoffset of the �nal
S(Q) in orderto minimizeGlow de�ned as

Glow =

Rr low
0 [r G(r ) + 4¼r 2½�t ]2dr

Rr low
0 [4¼r 2½�t ]2dr

: (3.1)

Here the integral runsup to r low which is a valuebelow the �rst PDF peakand½�t is a �tted number
density. In generalGlow is a measurefor thenoiseripplesbelow the �rst PDFpeak. Detailsaboutthese
equationsaswell astheoptimizationprocedurearegivenin Petersonet al. (2003b).In this sectionwe just
focuson theimplementationin PDFgetN.

Theautomaticoptimizationis startedby selectingoptimizefrom theactionmenuandclicking theDo it
button(see2.3). Thiswill bringup thedialogboxshown in Figure3.3. Thedialoglists thecurrentadditive
constant̄ , thenumberof iterationsso far aswell asthecurrentvalueof Glow discussedabove. The last
line allowsto specifythemaximumnumberof iterationsPDFgetNis allowedto attemptbeforeterminating.
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Figure 3.3: Auto-optimizationdialog.

Theoptimizationprocessis startedby clicking thebuttonStart. Theprogramwill modify S(Q) according
to

S0(Q) = ®S(Q) + ¯ : (3.2)

Theparameter̄ is modi�ed and® is recalculatedobtainthebestnormalizationS(Q) ! 1 for Q ! Qmax.
In every iterationthenew valueof ¯ andGlow aredisplayed.Oncetheshift in ¯ becomesvery small or
the maximumnumberof iterationsis reached,the processwill stop. TO exit the dialog, simply click the
Donebutton.ThePDFwill thenbetheoptimizedoneandcanbesavedtheusualway. Pleasenote,thatthis
featureis in its earlystagesandmight not work asexpectedon certaindata.Thevaluer low is speci�ed in
thehistory �le in theentry intMaxR= . It canbechangedusingthe"expertedit" mode(see2.3). Again,
muchmoredetailedinformationabouttheoptimizationstrategy canbefoundin Petersonetal. (2003b).
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File formats

A.1 Supporteddata �le formats

In this section,all data�le formatsPDFgetN canreadaresummarized.However, it is likely that future
versionsof PDFgetNwill onlysupporttheuseof GSAS�les whichcanbeobtainedatmostneutronpowder
diffractometer. For this reason,theuseof theother�le formatsfor new measurementsis not recommended.
Also, someof the otherformatsarebinary in natureandneedto be convertedto an ASCII format using
utilities distributedwith thePDFgetNpackage.

GSAS�les

GSAS refersto the GeneralStructureAnalysisSystem(LarsonandVon Dreele,2000). The GSAS �le
format is keyword drivenandcanbeusedto describeneutronaswell asX-ray data. Obviously PDFgetN
canonly reada subsetof valid GSAS�les. Thedatamustbe time-of-�ight (TOF) neutron scatteringdata
usingeither TIME_MAPor CONSas binning scheme. In additionan GSASinstrumentparameter�le is
required,containingcalibrationinformationin particulardiffractometerconstantsto convert from TOF to
d-spacing.However, mostpowder diffractometerslocatedat a spallationneutronsourcewill producethe
correct�le andtheinstrumentscientistcanusuallyprovide thecorrectinstrumentparameter�le. In shortif
you canuseGSASfor a Rietveld re�nementof you data,you cangenerallyusePDFgetNto readthemas
well. Thereis oneproblemthatmight occur, not all GSAS�les have a Monitor recordwhich is required
by PDFgetNto properlynormalizethedata. If this is thecase,a simplemodi�cation of theASCII GSAS
�le is required.Themonitorcountneedsto beaddedasline 3 (seebelow).

DISPLEX V-NB (4583)
Instrument parameterfile:[ANALYSIS.CALIBRATION]IPARM_11JUN01.NPD
Monitor: 1597078

:
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Notethatthemonitorcountcanbeanythingmeasuringtheamountof neutronsreceivedduringtherun,e.g.
protoncurrent,monitor count,pulsesreceived, aslong asthe samemeasureis usedin all �les processed
together.

Somenoteson GSAS�le producedon differentinstruments:Theprogramhdfbin usedon HIPPOat
theLujan Center, thequestion"Normalizeby monitor?" needsto beansweredwith Y. This will producea
GSAS�le compatiblewith PDFgetNeventhoughit containsnoline with Monitor . OnNPDFattheLujan
Center, theresultingGSAS�les arealreadynormalizedby thebeammonitorcountsandmonitorline reads:
Monitor: 1. Finally all GSAS�les producedby theIntegratedSpectralAnalysisWorkbenchsoftware
(Petersonet al., 2003a)developedat IPNShastheoptionto includetheintegratedmonitor in theresulting
GSAS�le.

IPNS run �les

For IPNSrun �les collectedon SEPDandGPPDthereexistsa directbinary-to-ASCIIconversionprogram
calledsepdbtoa.The raw data�les asthey appearfrom the datacollectionsoftwarehave to be copiedto
yourcomputervia binaryftp. Theusageof sepdbtoais asfollows:

sepdbtoa -h 1 file1.run file2.run file3.run...

where�le1, �le2 etc. arethe�lenamesof thecorrespondingrun �les. They consisttypically of theinstru-
mentnameandrunnumber, e.g.SEPD02258or GPPD01157.Theparameter-h 1 speci�esthehistogram
to beextracted,usuallyhistogram1, which is thedefault. Typing sepdbtoa without specifyingany �le-
namewill alsoremindyou of its usage.An utility programcalledasc2plot canbeusedto convert raw
ASCII �les to theSPEC�le format(SPEC,2003)thatcanbereadby KUPLOT. Theusageof asc2plot
is asfollows:

asc2plot sepd12345.asc sepd12345.plot

wherethe �rst �le is the ASCII �le (.asc)which is thenconvertedto the output �le given asthe second
argument.Any suf�x or �le namecanbeusedfor theoutput�le. For informationhow to useKUPLOT to
plot these�les, referto theKUPLOT UsersGuide.

ISIS norm �les

At somefacilities thedatacanbepreprocessedlocally to obtaina normalizedintensity�le versusQ. This
is doneon GLAD (IPNS)aswell asLAD andPOLARIS(ISIS) usingNORM. The�les arebinaryGENIE
intermediate�les usuallywith extension.nrm. These�les needto be copiedto your computervia binary
ftp and thenneedto be convertedto ASCII. At the time of writing of this manualno direct conversion
programexists. However, theprogramOPENGENIE is capableof performingthis step. This programis
freelydownloadableathttp://www.isis.rl.ac.uk/OpenGENIE/ andis availablefor avarietyof
platforms. ThePDFgetNdistribution containsthescript 'nrmtoasc.gcl'in thedirectory'raw2asc/isis'.To
usethemacroonecanloadit within OPENGENIEusingthecommand:
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>> load "nrmtoasc.gcl"

wherethe >> is the OPENGENIE promptandneednot to be typed. The conversionis thenperformed
usingthecommand:

>> nrmtoasc "inst_name" first_run last_run number_of_banks

whereinst_name is a four-lettershortcutfor thenameof thediffractometer. Note that the” have to be
writtenexplicitly. First_run andlast_run aretherunnumbersof the�rst andlastrunto beconverted,
respectively, without suf�x. This allows the userto convert a rangeof �les. Number_of_banks is the
numberof banksof theinstrument.Notethatthereis a bank0 which is identicalto bank1, i.e. thedataof
bank1 appearstwo times,namelyat bank0 andbank1. Thus,supplyfor number_of_banks theactual
numberof banksfor agiveninstrumentaddingoneotherwisethelastbankwill bemissing.Example:

>> nrmtoasc "lad" 14933 14936 8

In this case,NORM-�les from LAD areused.Therun numbersfrom 14933to 14936will beconvertedto
ASCII. LAD hassevenbanksandthusnumber_of_banks is eight in this example. The resulting�les
will becalledlad14933.ascetc.

ARIEL �les

The diffractometerGEM at ISIS usesthe programARIEL for datareduction. This programproducesan
ASCII SPEC(SPEC,2003) �le with wavelengthversuscounts. These�les cannot only be plottedwith
KUPLOT directlybut alsobereadby PDFgetN. Apart from processingGEM data,this �le formatmightbe
themoststraightforwardandbeusedto convert datafrom a unsupportedformatto beusedwith PDFgetN.
Theheaderand�rst few datalinesareshown below.

#F H:\users\001\billinge_11598\gem01487.asc
#D created Thu Jun 29 03:52:37 2000
#C Instrument: gem
#C Run GEM01487
#C Title Vanadium 8mm - candlesti27-JUN-2000 19:52:27
#C User SJB/TP/PGR
#C Primary flight path 17.0000
#O0 lt0 lstep 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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Theonly linesof theheaderthatarerelevant to PDFgetNareexplainedbelow. First the line startingwith
#O0 speci�eslabelsfor theparametersectionandcanjust becopied.Thecorrespondingline startingwith
#P0 containsthe correspondingvalues: logarithmic time binning constantsT0 (lt0 ) and¢ T (lstep ).
Thetime-of-�ight for apoint i is givenby

TOF (N ) = exp(T0 + N ¢ T): (A.1)

Thelasttwo valuesin theheaderrow startingwith #P0 arethebankangle2£ in degrees(angle ) andthe
total �ight pathin meters(fpath ). Notethatonly theselasttwo valuesareusedby PDFgetNsincethedata
arealreadyconvertedto wavelength. Next, the line startingwith #S marksthe startof a datablock for a
givenbank,heregroupthree.The line #L speci�esthe labelsfor thedatacolumns:wavelength,intensity
andstandarddeviationof theintensity. After this line, thedatastartuntil thenext banks(#S) is encountered.

A.2 Intermediate �les

As we mentionedbefore,PDFgetNis facta front-endto theGLASSpackageandthedifferentpartsof that
packageinteractvia binary �les. In additionPDFgetN alsoproducesan ASCII �le at every intermediate
step,suitablefor plottingof furtheranalysisoutsideof PDFgetN. A list of all theintermediate�les is given
in TableA.2. If only a suf�x is given,the �lename will bethenameof thesampledata�le with thegiven
extension. Some�les containingcorrectionfactorshave a �x ed name. Note that not for all ASCII �les
thereis a binaryanalog.All ASCII intermediate�les arewritten in SPECformat(SPEC,2003)andcanbe
readandplottedby e.g. KUPLOT. The �les thatcontainthe �nal S(Q) (.sq)and�nal G(r ) (.gr) have the
processingparameterspre-pendedto thedata.Thestartof thedatathemselvesis markedby a line #####
start data . Thedatasectionof a .sq�le typically looksasfollows:

##### 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

ThecolumnsareQ, S(Q), ¢ S(Q), Q(S(Q) ¡ 1) andstandarddeviation of the latter. As mentioned,the
PDFalsocontainstheprocessingparameterspre-pendedto it. Thedatasectiontypically looksasfollows:

##### start data
#O0 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 1.50 0.1054
#L r G(r) dr dG(r)
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Suf�x Suf�x Createdby Description
ASCII binary clicking on

.ain .int CreateS(Q) Normalizedandbackgroundsubtracteddata.

.braw CreateS(Q) Raw backgrounddata.

.bsmo CreateS(Q) Smoothedbackgrounddata.

.craw CreateS(Q) Raw samplecontainerdata.

.csmo CreateS(Q) Smoothedsamplecontainerdata.

.vraw CreateS(Q) Raw vanadiumdata.

.vsmo CreateS(Q) Smoothedvanadiumdata.
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_vabs.dat CreateS(Q) Absorptioncorrectionfactorsfor vanadium.
soqd_vmsc.dat CreateS(Q) Multiple scatteringcorrectionfactorsfor vanadium.
soqd_vplc.dat CreateS(Q) Placzekcorrectionfor vanadium.
.sqa .soq CreateS(Q) Corrected�nal S(Q), still bankby bank.
blen_bin.dat Blendbanks Rebinnedandrescaled(if selected)S(Q), still bankby bank.
.sqb .bld Blendbanks MergedS(Q), full range.
.sq .asq CreateG(r ) Final, truncatedS(Q).
.gr .pdf CreateG(r ) Pair distribution functionG(r ).

TableA.1: List of intermediate�les producedby 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 Å, G(r ) in Å ¡ 2, ¢ r in Å, and ¢ G(r ) in Å¡ 2, whereG(r ) is the pair-
distribution function. If thenumberdensityof thesampleis given in thehistory �le thenthe �le will also
containthe pair-densityfunction ½(r ) andcoordinationnumberN (r ). OncePDFgetN is terminated,the
intermediate�les aredeletedandonly the �les carryingthesuf�x es.sqand.gr, i.e. only the �nal merged
S(Q) andPDFthatbothcontaintheprocessingparameterspre-pendedto thedataarebeingsaved,unless
the programwas startedwith the '-keep' option or the 'Delete �les' option in the 'Options' menuwas
deselected.If a history(.hst)�le wasexplicitly save usingthe 'Save' commandunderthe 'File' menuthis
will alsobekept.
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A.3 History �les and templates

In thisappendix,thecontentof thehistory�le is described.Thehistory�le containsall parametersinputby
theuserandfurtherinformation,e.g.cross-sectiondataetc. Theseparameterscanbemodi�ed by theuser.
Thehistory�le canbeeditedby left-clicking on Edit all button. Only parametersthathave anin�uence on
the processingarebeingdescribed.Note, that any history �le canbe usedastemplate�le for PDFgetN.
Simply remove theinformationthat is not requiredfor your templateandcopy the�le in thetemplates
directoryof thePDFgetNdistribution. Thenew templatewill thenautomaticallyshow up in thedrop-down
menuof thestartupscreen.
Thehistory �le is reproducedblock-by-blockandthedescriptionof its contentis givenbelow eachblock.
The�rst sectioncontainsthreeblocksfor informationrelatedto thesamplerun,vanadiumrunandcontainer
run.

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

##### 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

##### 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 becalculated,F=Nocorrections
run Sampledata�le(s)
background Instrumentbackgroundfor sample
smooth 0=Nosmoothingof background

1=Backgroundwill besmoothedusingoverlappingsecond-orderpolynomials
2=Backgroundwill besmoothedusingtheSavitzky-Golay�lter

smoothParam smooth=1: DQFIT, FITREG,DQPEAK
DQFIT=widthof �tting intervalsin unitsof ¢ Q=Q
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Parameter Description

FITREG=ratioof extrapolatedpoints to �t points, i.e. if 1000pointsare �t and
FITREG=0.05thenthepolynomialfrom the�t will beusedto smooththecentral
50pointsof the�t region
DQPEAK=widthof vanadiumBraggpeaksin unitsof ¢ Q=Q
smooth=2: LEFT, RIGHT, POLYNOM
LEFT=numberof pointsleft of adatapoint for averaging
RIGHT=numberof pointsright of adatapoint for averaging
POLYNOM=Orderof polynomialfunctionfor averaging

radius Innerradiusof thesamplecontainer(cm)
height Heightof thesamplein thebeam(cm)
temp Sampletemperature(K)
runTitle Title of thisexperiment
wallThick Thicknessof thewall of thesamplecontainer, usuallyouterradius- innerradius
atomDensity Numberdensityof container
scattCS Scatteringcrosssectionof container, default is for vanadium
absorbCS Absorptioncrosssectionof container
backKillThresh Parameterfor Braggpeakremoval for backgroundrun, -1: off, 0: full smoothing

andpeakremoval, N: pointsgreaterthanN ¾aretreatedaspeakandremoved
vanKillThresh Sameasabove, just for vanadiumrun
vBackKillThresh Sameasabove, just for vanadiumbackground
cBackKillThresh Sameasabove, just for containerbackground

Next comesasectionwith informationaboutthesample,elements,compositionanddensity.

##### 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 elementsin thesample
relAtomNum Relativenumberdensityof element
atomMass Molar massof element
atomCoherCS Coherentcrosssectionof element
atomIncoherCS Incoherentcrosssectionof element
atomAbsorpCS Absorptioncrosssectionof element
density Bulk densityof samplein g/cm3 (notused)
effDensity Effectivedensityof samplein g/cm3
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Next comesasectionwith detectorbankinformation.

##### 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 Referencebanknumberfor automaticmatchingof S(Q), 0=nomatching
matchScal T=usescalefor auto-matching,F=not
matchOffset T=useoffsetfor auto-matching,F=not
bank Banknumber
angle Bankanglein unitsof 2µ
blendQmin DesiredQmin for thisbank
blendQmax Qmax for thisbank

Thenext sectioncontainsinformationfor thedifferentprocessingprograms.

##### Program Specific Information
## Ft calcError=1 (1 for true, 0 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=propagateserrorin Fouriertransform
0=noerrorpropagationin Fouriertransform

numRpoints Number of points in the PDF, determines the stepsize according to
maxR/numRpoints,e.g. for maxR=20.0and numRpoints=2000the PDF is cal-
culatedonagrid with ¢ r =0.01Å.

maxR Maximumdistancefor whichPDFwill becalculated
numDensity numberdensityof thesample.If > 0 then½(r ) andN (r ) arecalculated
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Parameter Description

intMaxR Valueof r low for calculationof Glow
Qmin Qmin for �nal mergedS(Q)
Qmax Qmax for �nal mergedS(Q)
startDampQ Datawill bedampedfrom Qdamp to Qmax

dampFuncType 1=D1(Q) = sin [ ¼(Q¡ Qdamp )
Qmax ¡ Qdamp

= Q¡ Qdamp
Qmax ¡ Qdamp

]

2=D2(Q) = D1(Q)expf¡ [ 2(Q¡ Qdamp )
Qmax ¡ Qdamp

]2g

4=D4(Q) = cos2[ ¼(Q¡ Qdamp )
2(Qmax ¡ Qdamp ) ]

any othervalue= nodamping
QAveMin StartvalueQ for calculatingaverage< S(Q) >
modEqn S(Q) will be modi�ed accordingto S(Q) = aS(Q) + b + cQ beforeFourier

transforming
dampExtraToZero Controlsextrapolationof S(Q) to 0. If this valueis smallerthan0.0 thenextrapo-

lateS(Q) to S(Q = 0) = hhbii 2 ¡hh b2 ii
hhbii 2 elseS(Q < Qmin ) = 0:0

numBanks Numberof banksto beincludedin the�nal S(Q)
banks Banknumbersof thebanksto beincluded
minProcOut 0=Minimumoutputto Log �le, 1=more,2=evenmore
samPlaczek 1=CalculatesPlaczekcorrectionfor sample,0=not
vanPlaczek 1=CalculatesPlaczekcorrectionfor vanadium,0=not
smoothData Additional smoothingof S(Q) (notused)
modifyData 1=correctionswill beapplied

0=nocorrectionswill beapplied

Thelastsectionof thehistory �le dependson thedata�le formatandthepreprocessingprogramrequired.
Thesectionsfor thedifferentformatsarediscussedbelow.

GSAS

This sectionof thehistory (or template)�le is speci�c to usingtheGSAS�le format. Thecorresponding
templatedistributedwith PDFgetNis calledGSAS.temp. Fromthedropdown menuon thestartupscreen
selectGSASwhenworkingwith this �le format.

##### prepgsas prepOutput=1 numBanksMiss=0 fileExt=gsa
instParamFile=
numBanksAdd=0
numBanksMult=0

Parameter Description

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

numBanksMiss Numberof banksto miss,if > 0 thanbanknumbersto bemissedhave to besup-
plied

�leExt File extensionfor data�les
instParamFile Nameif theGSASinstrumentparameter�le
numBanksAdd Numberof bankswith additive corrections,if > 0 banknumberandadditive con-

stantsfor dataandbackgroundneedto bespeci�edbelow
numBanksMul Numberof bankswith multiplicative corrections,if > 0 banknumberandmulti-

plicativeconstantsfor dataandbackgroundneedto bespeci�edbelow

IPNS

This sectionof the history (or template)�le is speci�c to using the IPNS �le format. Note that the
IPNS run �les needto be convertedto ASCII usingsepdbtoa . The correspondingtemplatedistributed
with PDFgetN is called IPNS_Ascii.temp . From the drop down menuon the startupscreenselect
IPNS_Asciiwhenworkingwith this �le format.

##### prepsepd prepOutput=1 numBanksMiss=0 fileExt=asc
firstMonitor=5 secondMonitor=7
neutFunc=1 neutFrac=0.04
neutMinLambda=0.25 neutMaxLambda=5.27
neutStartLambda=0.0 neutEndLambda=0.0
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 > 0 thanbanknumbersto bemissedhaveto besupplied
prepsOutput 0=Minimal outputto log �le, 1=more,2=evenmore
�leExt File extensionfor data�les
�rstMonitor Banknumberfor themonitor. Makesure that this is correct
secondMonitor Banknumberfor thetransmissionmonitor
neutFunc Functionfor delayedneutroncorrection

0=nocorrection
1=constantfraction,needsnext threeparameters
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Parameter Description

2=sawtooth correction(appropriateif delayedneutronchopperwasused),needs
next � veparameters

neutFrac Delayedneutronfraction
neutMinLambda Minimum wavelengthin Åfor delayedneutroncorrection
neutMaxLambda Maximumwavelengthin Åfor delayedneutroncorrection
neutStartLambda Beginning of sawtooth cut in delayedneutronbackground,neutStartLambda<

neutMinLambda
neutEndLambda End of sawtooth cut in delayedneutronbackgroundneutEndLambda> neut-

MaxLambda
numCal Numberof entriesfor diffractometerconstantsto besuppliedin thetablefollowing

numCal. The default is for the joint Rietveld/PDFhistogram. Adjust for your
histogram if necessary

Angle Bankanglein unitsof 2µ
DifC, DifA, Tzero Diffractometerconstants
numBanksAdd Numberof bankswith additivecorrection
numBanksMult Numberof bankswith multiplicativecorrections

ISIS

Thissectionof thehistory(or template)�le is speci�c to usingtheISIS �le formats.Notethattherearetwo
differentformats:Ariel andNorm. Also notethatNorm�les needto beconvertedto ASCII �rst. Thecor-
respondingtemplatesdistributedwith PDFgetNarecalledISIS_norm.temp andISIS_ariel.temp
respectively. Fromthedropdown menuonthestartupscreenselectISIS_norm or ISIS_ariel whenworking
with these�le formats.

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

Parameter Description

prepOutput 0=Minimal outputto log �le, 1=more,2=evenmore
numBanksMiss Numberof banksto miss,if > 0 thanbanknumbersto bemissedhave to besup-

plied
�leExt File extensionfor data�les
numBanksAdd Numberof bankswith additive corrections,if > 0 banknumberandadditive con-

stantsfor dataandbackgroundneedto bespeci�edbelow
numBanksMul Numberof bankswith multiplicative corrections,if > 0 banknumberandmulti-

plicativeconstantsfor dataandbackgroundneedto bespeci�edbelow
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Installation

B.1 Windows

The Windows versionof PDFgetN is distributedasa self-extracting installer. Simply download the �le
PDFgetN-1.5-win32.exe (or the mostcurrentversion)andrun it by doubleclicking on the down-
loaded�le. This will startthe installationprocessandthedialogshown in FigureB.1 will appear. Simply
follow theinstructionsonthescreenandthatis all, youarereadyto usePDFgetN. Theinstalleralsocontains
aversionof theprogramKUPLOT requiredfor theplotting functionsof PDFgetN.

B.2 Linux/Unix

Unfortunatelythe installationof PDFgetN is not assimple,sincetheprogramneedsto becompiledfrom
thesourceandseveralotherprogramsneedto beinstalled.For a list of requiredprogramsandwhereto get
them,referto TableB.2. FirstdownloadthearchivePDFgetN-1.5.tar.gz or themostcurrentversion.
Next youneedto unpackthearchive into a temporarydirectory. This is doneusingthecommands:

Figure B.1: Windows installerfor PDFgetN.
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Program Description Version

gcc/g77 C andFORTRAN compiler 2.95
http://www.gnu.org/software/gcc/gcc.html

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

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

KUPLOT KUPLOT plottingprogram 4.1?

http://www.totalscattering.org/programs/discus/
OpenGenie Only requiredfor convertingISISNORM �les 2.1?

http://www.isis.rl.ac.uk/openGenie/

TableB.1: List of programsrequiredto installPDFgetNunderUnix/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 . Change to that directory using the command cd
PDFgetN-1.5 . Next starttheinstallationby typing

perl install.pm

If you do not have perl installed,you will get anderror message.Install perl andperlTk �rst and
restarttheinstallation.Theinstallerwill askfor aninstallationdirectory, makesureyouactuallyhavewrite
permissionin thatdirectory. Note,thatit is generallynot requiredto log in asroot to install PDFgetN. In
casethe installerdoesnot detectthe correctversionof the requiredadditionalsoftware,an errormessage
will appear. Referto TableB.2 for informationhow to obtainthemissingprograms.Note,thatPDFgetNcan
beinstalledwithout KUPLOT, however, no plotting will thenbepossible.Oncethe installationis �nished
successfully, make surethe installationlocation is in your path,so you canstart the programsimply by
typingPDFgetN.
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