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Intr oduction

Thiswork is partof anextendedstudyof benzil (C14H1002) andderivativeswhich aimsto
understandherole thatmolecular e xibility playsin determiningcrystalpackingand
polymorphism(1, 2]. In this studydiffuseX-ray scatterings usedto probeboththeinter- and
intra-moleculaicorrelatednotionsof a seriesof similar compoundsn orderto gaininsight
into how molecularmotionin uencescrystalpacking.In future studiesit is hopedto applythe
methodologyto compound®f pharmaceuticahterestwhich displaypolymorphism.n the
presenpapenwe presensomepreliminaryresultsfor the compound3,32dimethoxybenzil,
C16H1404, 33*DMOB, (seeFig. 1). For this moleculethemolecular e xibility is affordedby
rotationsabout ve C—Csinglebonds,de ned by thedihedralangles 1 fs.

Diffusescatteringarisesfrom differenceof thelocal structureof a crystalfrom theunderlying
avelage structure. Suchdifferencegtermeddisorder)maybeeitherstaticor dynamicin

origin. For the compound®f currentinterestthis disorderis purelythermal,andconventional
crystalstructuredeterminatiorusingBraggscatteringyields a perfectlynormalaverage
structurewith no anomaloustomicdisplacemenpatternsNeverthelessn all casesstudied
strongandhighly structuredhermaldiffusescatterings obsened.

TheanalysisusesMonte Carlo (MC) simulationof a modelcrystalin whichintermolecular
interactionsaaremodelledby harmonicspringsandintramoleculaforcesby torsionalsprings.
Diffraction patternarecalculatedrom the modelcrystalandthesearecomparedo the
obsereddata[l, 3]. Springconstantareadjustedteratively until a satisactorymatch
betweerobsenedandcalculatedoatterngs obtained.Thenit maybeassumedhatthe
correlationgn themodelaresimilar to thosein therealcrystal,andsincetheseariseout of the
interactiondgn themodel,thesetoo maybe consideredepresentate of thosein thereal
crystal.

Figure 1. Schematic picture of P
33DMOB, shawing the internal de- L o
greesof freedomdenotedby thean- @ ‘m. ‘
glesf1 fs.
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Figure 2: (a) hol and (b) hll sectionsof diffuse scatteringfor 33DMOB measurecn the
laboratoryequipment(sing=l )max 0:3A 1. Blackis zeroandwhite maximumintensity

Experimental

At 295K, 33DMOB crystallizesn monoclinicspacgroupC2=c with a= 20:07904) A,
b= 4:808G61) A, c= 13774713) A andb = 92.362(0(9)) . Theaveragestructurehadbeen
previously reported4], but thevaluesusedhereweredeterminedduringthe presenstudy

Diffusescatteringdatawerecollectedin the homelaboratoryusinga diffusescattering
diffractomete(Cu Ka) [5] but subsequentlynoreextensve datawerecollectedon the 1-ID-C
beamlineof the XOR atthe AdvancedPhotonSource(APS)using80keV X-raysanda
MAR345imageplatedetector In thehomelaboratoryhOl, hll andh2l datawerecollected;
Fig. 2 shavstwo of theseplanesn falsecolour. Key featuredo be notedarethe structured
regionsof scatteringn thehOl layer (arroved)andthefactthatthe strongpeaksaremore
roundedwhenlying neara diagonalline runningthroughtheimagegblackarronvs on Fig. 2b).
For the synchrotrordataa full 3D volumeof reciprocalspacenvasrecordedout for analysis
individual sectionsvereextractedfrom this usingthe programXcavate[6]. Fig. 3ashavsthe
obsenedhOl layer.

The Model Crystal

A Z-matrix descriptionof the moleculargeometryis usedsothateachmoleculecanbede ned
in theMC modelusingfew variables— threeCartesiarcoordinategor theorigin, threeangles
for theorientationandtheinternaldegreesof freedom|in this case vetorsionangleqFig. 1).
Theintermoleculaenegy dueto displacementis givenby Ejner= &, F(di  doi)?, whered,
is thelengthof vectori connectingatomson adjacenmoleculesdy; is its equilibriumlength
andF is its force constant.The sumis over all contactvectors(cv). Intramoleculaenepy for
themodelis givenby summingthetorsionalenegiesof all moleculegmol). Thatis,

Eintra= & moa; Gi(Dfi)?, whereG; is atorsionalforce constanandDf; is its deviation from
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Figure 3: hol planeof diffuse scatteringfrom 33 DMOB: (a) Obsened datacollectedat the
APS.(sing=l )max 0:75A 1. (b) Calculatedrom modeldeterminedisinglaboratorydata.

(@) (b)

Figure4: Two layerscorrespondingo thosein gure 2 calculatedfrom the MC simulation.
Non-dataareadrom the obsenedpatternshave beenappliedto thesecalculations.

theequilibrium(seeFig. 1). By symmetryG, = Gz andGs = Gs. Eigtal = Eintert Eintra- Etotal
is calculatedor different,randomly-selectetholecularcon gurationswhich arekeptor
rejecteddependingntheir effecton Eiota ([1, 3]). After themodelcrystalreaches
equilibrium, diffraction patternsarecalculatedusingthe programDIFFUSE[7].

Results

Initially themodelwasdevelopedto t to thelaboratorydata.CalculatechOl andhll planes
areshown in Fig. 4. Thecross-shaperkgionsin thehOl layerarewell modelledandthe
diffusespotsgrow increasinglyelongatedandlessroundedfurtheraway from theline notedin
Fig. 2b. After automatede nementof themodel[1, 3], it wasfoundthatthe strongest
interactiondie predominantlyin the xz planeandpropagatéothin x andz, andmainly
connectwith themethoxygroups.Otherstronginteractiondie in they direction. Methoxyto
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Figure5: Unit cell lookingdown they

axis. Dottedlinesrepresenbneof the
interactionslt' s directionof propaga- C
tion is that of the planesdiscussedn

thetext.

a

methoxyinteractionsconnectingmoleculesn x but notin zwerewealest while thoserunning
alongz but notx wereintermediate Thusthe moleculedie in sheetsvhich extendalongy and
diagonallythroughtheunit cells(seeFig. 5). Molecular e xibility wasnecessarjor agood t.

This modelhasmorerecentlybeenusedasa startingpointin ananalysisof the moreextensve
synchrotrordata(seeFig. 3b). ThehOl planeis well modelledevenfar outin reciprocalspace,
showing the predictive power of themodel. Thereciprocalspacerangeof thesedatawill allow
morequantitatve analysisof thetorsionalforce constantshroughtheirin uence onthe
relative intensitiesof diffusepeaks.Takingcutsnormalto the hOl layerwill give better
informationaboutcorrelationsout of thehOl plane.

Conclusions

Signi cant stepshave beenmadein modellingthe structuredhermaldiffusescatteringrom
3,3DMOB. It appearshatthe structurecanbe consideredisa stackof layersof molecules.
Interactionsarestrongestithin thelayers.Thelayersinteractweaklyalongthe x directionbut
morestronglyalongz, soshearingof the planesrelative to eachotheris enegeticallylik ely.
Themoleculemustbetreatedas e xible for agoodmodelto befound.
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