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Intr oduction

Thiswork is partof anextendedstudyof benzil(C14H10O2) andderivativeswhichaimsto
understandtherole thatmolecular�e xibility playsin determiningcrystalpackingand
polymorphism[1,2]. In this studydiffuseX-ray scatteringis usedto probeboththeinter- and
intra-molecularcorrelatedmotionsof aseriesof similarcompoundsin orderto gaininsight
into how molecularmotionin�uencescrystalpacking.In futurestudiesit is hopedto applythe
methodologyto compoundsof pharmaceuticalinterestwhichdisplaypolymorphism.In the
presentpaperwepresentsomepreliminaryresultsfor thecompound3,30-dimethoxybenzil,
C16H14O4, 330-DMOB, (seeFig. 1). For thismoleculethemolecular�e xibility is affordedby
rotationsabout� veC–Csinglebonds,de�ned by thedihedralanglesf 1 � f 5.

Dif fusescatteringarisesfrom differencesof thelocalstructureof acrystalfrom theunderlying
averagestructure.Suchdifferences(termeddisorder)maybeeitherstaticor dynamicin
origin. For thecompoundsof currentinterestthisdisorderis purelythermal,andconventional
crystalstructuredeterminationusingBraggscatteringyieldsaperfectlynormalaverage
structurewith no anomalousatomicdisplacementpatterns.Neverthelessin all casesstudied
strongandhighly structuredthermaldiffusescatteringis observed.

TheanalysisusesMonteCarlo(MC) simulationof amodelcrystalin which intermolecular
interactionsaremodelledby harmonicspringsandintramolecularforcesby torsionalsprings.
Dif fractionpatternarecalculatedfrom themodelcrystalandthesearecomparedto the
observeddata[1,3]. Springconstantsareadjustediteratively until a satisfactorymatch
betweenobservedandcalculatedpatternsis obtained.Thenit maybeassumedthatthe
correlationsin themodelaresimilar to thosein therealcrystal,andsincetheseariseout of the
interactionsin themodel,thesetoomaybeconsideredrepresentativeof thosein thereal
crystal.

Figure 1: Schematic picture of
330DMOB, showing the internal de-
greesof freedomdenotedby the an-
glesf 1 � f 5.
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Figure 2: (a) h0l and (b) h1l sectionsof diffuse scatteringfor 330DMOB measuredon the
laboratoryequipment.(sinq=l )max � 0:3 	A� 1. Black is zeroandwhitemaximumintensity.

Experimental

At 295K,330DMOB crystallizesin monoclinicspacegroupC2=c with a = 20:0790(4) 	A,
b = 4:8086(1) 	A, c = 13:7747(3) 	A andb = 92:3620(9)) � . Theaveragestructurehadbeen
previously reported[4], but thevaluesusedhereweredeterminedduringthepresentstudy.

Dif fusescatteringdatawerecollectedin thehomelaboratoryusinga diffusescattering
diffractometer(CuKa) [5] but subsequentlymoreextensivedatawerecollectedon the1-ID-C
beamlineof theXOR at theAdvancedPhotonSource(APS)using80keV X-raysanda
MAR345 imageplatedetector. In thehomelaboratoryh0l , h1l andh2l datawerecollected;
Fig. 2 showstwo of theseplanesin falsecolour. Key featuresto benotedarethestructured
regionsof scatteringin theh0l layer(arrowed)andthefactthatthestrongpeaksaremore
roundedwhenlying nearadiagonalline runningthroughtheimages(blackarrowsonFig. 2b).
For thesynchrotrondataa full 3D volumeof reciprocalspacewasrecordedbut for analysis
individualsectionswereextractedfrom thisusingtheprogramXcavate[6]. Fig. 3ashowsthe
observedh0l layer.

The Model Crystal

A Z-matrixdescriptionof themoleculargeometryis usedsothateachmoleculecanbede�ned
in theMC modelusingfew variables— threeCartesiancoordinatesfor theorigin, threeangles
for theorientationandtheinternaldegreesof freedom,in this case� ve torsionangles(Fig. 1).
Theintermolecularenergy dueto displacementsis givenby Einter = å cvFi(di � d0i)2, wheredi
is thelengthof vectori connectingatomson adjacentmolecules,d0i is its equilibriumlength
andFi is its forceconstant.Thesumis overall contactvectors(cv). Intramolecularenergy for
themodelis givenby summingthetorsionalenergiesof all molecules(mol). Thatis,
Eintra = å molå i Gi(Df i)2, whereGi is a torsionalforceconstantandDf i is its deviation from
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Figure3: h0l planeof diffusescatteringfrom 330DMOB: (a) Observed datacollectedat the
APS.(sinq=l )max � 0:75	A� 1. (b) Calculatedfrom modeldeterminedusinglaboratorydata.

(b)(a)

Figure4: Two layerscorrespondingto thosein �gure 2 calculatedfrom the MC simulation.
Non-dataareasfrom theobservedpatternshavebeenappliedto thesecalculations.

theequilibrium(seeFig. 1). By symmetryG2 = G3 andG4 = G5. Etotal = Einter+ Eintra. Etotal
is calculatedfor different,randomly-selectedmolecularcon�gurationswhich arekeptor
rejecteddependingon their effectonEtotal ( [1,3]). After themodelcrystalreaches
equilibrium,diffractionpatternsarecalculatedusingtheprogramDIFFUSE[7].

Results

Initially themodelwasdevelopedto �t to thelaboratorydata.Calculatedh0l andh1l planes
areshown in Fig. 4. Thecross-shapedregionsin theh0l layerarewell modelledandthe
diffusespotsgrow increasinglyelongatedandlessroundedfurtheraway from theline notedin
Fig. 2b. After automatedre�nementof themodel[1,3], it wasfoundthatthestrongest
interactionslie predominantlyin thexzplaneandpropagatebothin x andz, andmainly
connectwith themethoxygroups.Otherstronginteractionslie in they direction.Methoxyto

Presentingauthor'sname: D.J. Goossens 3



Topicarea:ASRP

Figure5: Unit cell lookingdown they
axis.Dottedlinesrepresentoneof the
interactions.It' sdirectionof propaga-
tion is that of the planesdiscussedin
thetext.
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methoxyinteractionsconnectingmoleculesin x but not in zwereweakest, while thoserunning
alongzbut notx wereintermediate.Thusthemoleculeslie in sheetswhichextendalongy and
diagonallythroughtheunit cells(seeFig. 5). Molecular�e xibility wasnecessaryfor agood�t.

Thismodelhasmorerecentlybeenusedasastartingpoint in ananalysisof themoreextensive
synchrotrondata(seeFig. 3b). Theh0l planeis well modelledevenfarout in reciprocalspace,
showing thepredictivepowerof themodel.Thereciprocalspacerangeof thesedatawill allow
morequantitativeanalysisof thetorsionalforceconstantsthroughtheir in�uence on the
relative intensitiesof diffusepeaks.Takingcutsnormalto theh0l layerwill givebetter
informationaboutcorrelationsout of theh0l plane.

Conclusions

Signi�cant stepshavebeenmadein modellingthestructuredthermaldiffusescatteringfrom
3,30DMOB. It appearsthatthestructurecanbeconsideredasa stackof layersof molecules.
Interactionsarestrongestwithin thelayers.Thelayersinteractweaklyalongthex directionbut
morestronglyalongz, soshearingof theplanesrelative to eachotheris energeticallylikely.
Themoleculemustbetreatedas�e xible for a goodmodelto befound.
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