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1 Introduction dition sttering is generlly onsidered to provide the most diret insight into the sptil mirosopi struture of liquidsD omplementry to thermodyE nmi or spetrosopy tehniquesF viner monoEols hve een investigted y Ery nd neutron sttering tehniques sine the IWQHsD nd the most remrkE le known feture is the presene of preEpek of the sttering intensity I(k)D in the kEvetor region HFQEI Å -1 ID PD in ddition to the usul min pek round k ≈IFREP Å -1 F he min pek n e interpreted through σ = 2π/k s orreE sponding to the men tomi size σ ≈ QER ÅD suh s in the Ery or neutron di'usion in simple tomi liquids QF here hve een severl investigtions of the origin of the preEpekD whih is now generlly interpreted s orrespondE ing to the existene of short hinElike or ringElike lusters of hydrogen onded hydroxyl groupsF snterestinglyD this onlusion ws rehed y severl di'erent routesX the diret reonstrution of the preEpek s di'rtion pttern from ssumed luster shpes RD SD the thermodynmi route of mthing the interE nl energy with rEond ssoitions TD hrd sphere model for the spheril luster ggregtes UD nd more reently vrious omputer simultion nlyses VD WD IHD IID IPD IQD IRD ISD ITF ell these desriptions emphsize usl link etween the existene of lusters formed y the hydroxyl groups nd the preE pek in I(k)F his is diretly inspired from the ft tht rdition is sttered o' objectsD usully toms or moleulesD hene spei( fetures in I(k)D suh s the preEpekD should refer to the existene of orresponding meta-objectsD suh s lustersD ggregtes or selfEssemled strutures IUF hese desriptions lso pose the question s to whether or not it is possile to explin the fetures of I(k) in model free pprohF sn the present workD we wish to emphsize tht it is not so muh the metE ojetsD ut the density orreltions ssoited with the tomi onstituents of suh ojetsD whih help explin the detils in I(k)F sn prtiulrD the tomE tom orreltion funtions revel di'erenes in the tomi orderingD depending on the hed group toms @mostly hydroxyl tomsAD nd the lkyl til tomsF hese di'erenes re explined in terms of fore (eld representtions y the ft tht hed group toms re hrgedD while lkyl til toms re overll neutrl @or very wekly hrgedAF reneD the hed group toms tend to luster through the goulom intertionD mostly into short hinElike ggregtes surrounded y the til tomsF he orresponding miroEstruture 'ets the shpe of the tomE tom distriution funtionsD whih in turn llows to infer the lol ordering of the vrious types of tom groupsF uh orreltion funtionsD whih depend strongly on the hoie of the fore (eld modelsD n only e otined from omputer simultionsD enforing the ide of n unvoidle model sed understnding of P the fetures of I(kAF his interprettion is diretly supported y the very de(nition of the stE tering intensity IVD IW s relted to the sttistil therml or ensemle verge

I(k) ∝< ij exp(i k • ( r i -r j )) > @IA
where the sum runs over ll pirs of tomi sites i, jF nder this formD it is not possile to reognize how tomi sites orgnise themselves into lusters or ggregtesD oth inside moleule nd ross di'erent moleulesF roweverD the rFhFsF of the ove eqution n e written in terms of tomEtom struture ftorD nd the heye formul IVD IW llows to rewrite iqF@IA s

I(k) = r 2 0 ρ ij f i (k)f j (k)S (T ) ij (k) @PA
where S (T ) ij (k) ontins the intrEmoleulr tomEtom struture ftor w ij (k) @to e disussed in etion PFPAD nd the pourier trnsform of the tomEtom intermoleulr pir orreltion funtion g ij (r)

S (T ) ij (k) = w ij (k) + ρ ˆd r [g ij (r) -1] exp(i k • r) @QA ρ = N/V
is the density @where x is the numer of moleules in the volume AD the f i (k) funtions re the form ftor of tom iD nd r 0 = 2.8179 •10 -13 m is the eletroni rdiusF iqF@PA shows tht I(k) is relted to the density orreE ltions of the liquid through the pir orreltion funtions g ij (r)F ine these quntities desrie lol tomi nd moleulr orderingD ny spei( feture in I(k) is neessrily relted to this lol orderD s expressed through the tomE tom struture ftorsF hereforeD it is of primry interest to nlyse (rst these struture ftorsD in order to etter understnd the origin of the preEpekF his is the route we use hereinF sn the present reportD we ompre the experimentl Ery sttering inE tensities I(k) for severl monoEolsD with omputer simultion results for sevE erl fore (eldsF imilr omprison hve een reported y severl uthors PHD PID PPD PQD IPD ITD with the generi im of relting the preEpek to the lustering of the hydroxyl groupsF sn the present workD we show tht the lkyl tils lso ply ruil role in the interprettion of the preEpekF his is due to the ft tht the hrge ordering of the hed groups re in)uened y the ordering of the lkyl til groupsD s witnessed y the miroEsegregtion of the hrged nd unhrged groups oserved in omputer simultionsF ghrge ordering hs een reently studied in the ontext of room temperE ture ioni liquids PRD PSD PTD where the polrGpolr segregtion of hrged nd neutrl tomi groups PU provides ontextul link with the present developE mentsF sn suh worksD the sttering preEpek is relted to the nnoEsegregtion of the hrged nd neutrl groupsD desried s polrGpolr in the orrespondE ing litertureF he prinipl di'erene with the present system is the ft tht Q in ioni systems the hrges re free to moveD wheres in lohol moleules they re onstrined oth to moleulr neutrlity nd to e tthed to the lkyl tilsF e ome k to this di'erene in the hisussion setionF prom the remrks oveD it eomes very ler tht the existene of preE pek in Ery sttering I(k) nnot e nlysed without detiled moleulr simultionsD involving in prtiulr pproximte fore (eld modelsF hereforeD it would e ruil to hve relile model ple of reproduing the detils of the shpe of I(k) for vrious monoEolsF he present study revels tht not ll models re le to reprodue the preEpek ehviour orretlyF rene this omprison provides severe seletion prinipleF sn prtiulrD the nlysis revels tht the ility of fore (eld model to reprodue @or notA the preEpek in I(k)D is less relted to proper ount of the hrge nd domin orderingD thn the ility to properly desrie the inomplete neling of these two forms of lol orderF he reminder of this pper is s followsF sn the next setion we desrie the Ery experimentsD simultion models nd protoolsD s well s the theoretE il developments required to nlyse the tomEtom orreltion ontriutions to I(k)F he esults setion shows detiled nlysis of the Ery intensities otined from sttering experiments nd moleulr dynmis lultionsF e disussion nd onlusion setions lose the presenttion of this workF 2 Experimental and model simulation details 2.1 Experimental he Ery di'rtion @hA experiments were performed t the emlines fvP nd fvW of the hive synhrotron rdition soure using the setup for wide ngle Ery sttering PV with n inident Ery energy of II ke nd IQ keD respetivelyF he Erys were monohromtized using multiE lyer monohromtor t fvP nd i@QIIA doule rystl monohromtor t fvW with emsize of HFSxHFS mm 2 nd IxI mm 2 @vxhA t the smple posiE tionD respetivelyF he sttered photons were deteted y weQRS imge plte detetorF he lirtion of the twoEdimensionl di'rtion ptterns ws performed with silion nd lnthnum hexoride referenesF e mesured the liner monoEols methnol @purity≥WWFW %AD ethnol @≥WWFW %AD IEpropnol @≥WWFW %AD IEutnol @≥WWFV %AD IEpentnol @≥WWFV %AD IEhexnol @≥WW %AD IE heptnol @≥WWFW %AD IEotnol @≥WW %AD IEnonnol @≥WV %AD IEdenol @≥WW %A nd IEundenol @≥WUFS %AF ell smples were purhsed from igm eldrihD exept IEotnol tht ws ought from elf eesrD nd used without further tretmentF he liner monoEols were (lled into orosilite pillries with QFS mm @fvPA nd P mm @fvWA dimeter nd mesured t temperture of out PWQ uF he h imges were integrted with the progrm pkge pitPh PW nd onverted to wveEvetor trnsfer k sleF he di'rtion pttern were orreted for the sttering ontriutions of the pillries s well s of ir nd were normlized to the men integrl of the lulted di'rtion ptterns in R the kErnge of HFP to PFQ Å-1 F 2.2 Models e hve used severl models for the liner monoEolsD previously studied in the litertureF xmelyD we onsidered the yv @yptimized otentils for viquid imultionsA QHD QID ri @rnsferle otentils for hse iquiliriA QPD greww @ghemistry t rrwrd wromoleulr wehnisA QQD QRD QSD nd to some extent the qywy QTD QU fore (eld modelsF ell modelsD exept for grewwD re used in their united tom @eA versions for the methylGmethylene groupsF sndeedD greww is n llEtom @eeA model y onstrutionF he yv ee model for methnol nd ethnol hve een testedD in order to hve n equivlent omprison with grewwF ell fore (eld models re sed on the tomEtom intertions modeled s vennrdEtones entre with prtil hrgeF ine our interprettion of the preEpek feture is sed on lol hrge orderD we hve listed in les IES in the isD the typil vennrdEtones energy i nd dimeter σ i D nd goulom hrge e i for eh of the toms iD nmely the hydrogen HD oxygen O nd (rst ron group C 1 D whih re hrgedD nd the remining rons numered s C i D for i = 2, n where n is the terminl ron groupF por the greww modelD the prtil hrges of the hydrogen nd the ron of the ron groups re expliitedF e note tht ll models re )exileD hene ond length nd dihedrl dynmis re onsidered onsistently with the orresponding prmeters in the vrious fore (eldsF e will report elsewhere detiled nlysis of the di'erenes etween the models onerning the ontriution of the lol struture on I(k)F e retin from this setion tht ll e models ttriute negtive hrge for the oxygen tom nd positive one for the hydrogen tomD followed y nE other positively hrged (rst methylene tomD nd remining methyl groups re unhrgedF prom this oservtionD we n lredy predit tht the Q hed group toms will tend to lusterD leving the unhrged til toms to rndomly position round nd onstrined y the sole pking e'etsF sf these two groups were seprtedD the resulting mixture will redily phse seprte into polr prt nd n polr prtF ine these two groups re ound into single lohol moleuleD they produe miroEstruture whih rings the full demixing to lol miroEsegregtion of the polr nd polr groupF his is similr to wht is oserved ioniEliquids PUF he prolem posed y this work is to (gure out the link etween this miroEstruture nd the preEpek in I(k)F e emphsize gin thtD unlike the yv nd ri e modelsD the greww model is n ee modelD hene the lkyl til rons ontin prtil hrges over the entrl tom nd the surrounding hydrogen tomsF reneD these lkyl til groups will likewise tend to exhiit lol hrge orderingF elE though the totl hrge of the ron groups is zero for the remote lkyl groupsD there is nevertheless goulom hrge in)uene in the wy these groups will tend to position with respet to eh other nd the hydroxyl groupsF e will show elow thtD lthough ppering t (rst more relisti thn the ee modelsD this model poses some prolems suh s the sene or suppression of sttering S preEpek for methnol nd ethnolF 2.3 Simulations ell simultions were performed with the progrm pkge qroms QVF e systemtilly used N = 2048 numer of moleules for ll systemsD whih orreE sponds to ox sizes rnging from pproximtely 52 ÅD for methnol to 82 Å for IEnonnolF por IEotnolD simultions of N = 8000 moleules were performed for testing purposeD whih produed orreltion funtions not distinguishle from N = 2048D inditing tht this system size ws su0ient even for longer lknolsF he systems were simulted in the isoriEisotherml @onstnt N pT A enE semleD t the temperture of T = 300 u nd pressure p = 1 rF hose onE ditions were hieved with the xoseEroover thermostt QWD RH nd rrinelloE hmn rostt RID RPF st is worth emphsizing this proedure llows to test the models under the sme onditions s the experimentl onesF es onseE queneD the lulted densities my di'er from the experimentl onesF e do not enfore the experimentl densities using the isohori onstnt x ensemE leD sine it would retes is in the model nlysisF he lulted densities re ompred to the experimentl ones in the s @le TAF sn prtiulrD the orreltion funtions nd the struture ftors di'er ording to whether these re lulted in the N pT or N V T ensemleD euse of the density di'erE enesF his is importnt to onsider when ompring lulted intensities I(k) otined from these di'erent methodsF e followed the sme proedure for every simultionF kmol RQ ws used to otin the initil on(gurtions of the systems from the pd (les of eh moleuleF efter energy minimiztionD the systems were equilirted in the N V T nd then N pT ensemleD for totl of I ns ehF he following prodution runs lsted S nsD in order to smple t lest PHHH on(gurtions for lulting the siteEsite orreltion funtions g ij (r)F sn mny sesD severl independent series of suh S ns runs were ondutedD in order to ensure onvergene of the g ij (r) F

2.4

Theoretical details 2.4.1 The intra-molecular correlations he evlution of the totl struture ftor in iqF@QA requires tht of the intrE moleulr term w ij (k)F sn previous worksD we hd pproximted this term y its rigid moleule form RR w ij (k) = j 0 (kd ij )D where j 0 (x) is the zeroth order spheril fessel funtionD nd d ij = | r i -r j | is the interEtomi distne etween toms i nd j on the sme moleuleF hile this pproximtion might e eptE le for smller moleulesD suh s ethnol for exmple @see pigFI elowAD this is no longer true for longer moleules suh s IEotnolD for exmpleD for whih the )exiility leds to men interEtomi distne to e very di'erent from the rigid moleule vluesF o ount for thisD we hve evluted the intrEmoleulr T orreltion funtions w ij (r) diretly from the on(gurtions otined from qroE msD y using the sme stndrd neighour histogrm method employed for the evlution of the interEmoleulr orreltion g ij (r)F he w ij (k) were then evluted y the sme pst pourier ehnique @ppA tehnique used to otin the S ij (k) from the g ij (r) WF sn pigFI we show for the yv fore (eld model the di'erenes etween the rigid moleule version of the w ij (k) @in dshed linesA nd the )exile version @in full linesAD for spei( tom pirsF xmelyD we fous on Q loholsD ethnolD IEpentnol nd IEotnolD for whih we show w OCi (k) etween the oxygen tom O nd ll the ron toms C i @i rnging from I to the terminl oneD whih is P for ethnolD S for IEpentnol nd V for IEotnolAD s well s w C1Cj (k)D for the orreltions etween the (rst ron tom nd ll remining othersF he hoie of these toms llows to test the )exiility s seen from the oxygen tom to ll ron groupsD s well s tht of the ron toms etween themselvesF sn ll Q plotsD the gry vertil line mrks the preEpek position in the orresponding yv I(k) @see pigFR in the next setionAF pigure IX w XC1 (k) for ethnolD IEpentnol nd IEotnolD where ay @upper pnelsA or ag 1 @lower pnelsAD nd i = 1, 2, ...nF he vlue of i is shown for IEpentnol nd IEotnolD next to the orresponding urvesF pull urve is with )exiility of lkyl til nd dshed urve withoutF ee text for more detilsF pigFI A shows thtD for the ethnol moleuleD the )exiility does not 'et muh the intrEmoleulr orreltionsD sine the full nd dshed lines re mostly superposedD prtiulrly round the preEpek region k P ≈ 0.7 Å-1 F por the se of IEpentnol @middle pnelAD this is no longer true for the oxygen tom nd the lkyl til end ron tomsD strting from C 3 @upper pnelAF his di'erene is prtiulrly importnt round the preEpek position k P ≈ 0.51 Å-1 F roweverD the ron toms re not muh 'eted y the )exiility issueF sn prtiulrD we oserve tht the men distne etween C 3 nd the neighouring rons is nerly the smeX d C3C1 ≈ d C3C5 nd d C3C2 ≈ d C3C4 F hese reltions remin true for the se of IEotnol @right pnelAF fut we lso see tht the )exiility issue is ggrvted when onsidering toms tht re muh further prtD s one U would indeed expet from fully )exile tilF en importnt feture seen in oth pnel A nd A is tht the intrEmoleulr orreltions for the )exile se re ove tht of the rigid seF his feture is ruil in determining the sign of the preEpek in I(k)D s we will see in the results setion QFTF 2.4.2 Correlation functions and the computation of I(k) he orreltion funtions otined in our simultions re quite smoothD even t the long rnge prtF sn some sesD it ws neessry to do dditionl prodution runsD in order to ensure tht the g ij (r) were well de(ned in the long rnge prtF he interEmoleulr struture ftors were evluted y pp tehniques from the g ij (r) @the seond term t the rightEhnd side of iqF@QAAD s in ll our previous works RSD RTD RUF ine the ox size L is (niteD ll our S ij (k) re not relile for k min < 2π/LF his is typilly k min ≈ 0.115 Å-1 for methnolD nd k min ≈ 0.072 Å-1 for IEnonnol F hese vlues re muh smller thn the respetive preEpek positions k ≈ 1 Å-1 nd k P ≈ 0.4 Å-1 D ensuring tht the ox size does not 'et the physil fetures we disuss hereinF he numeril evlution of I(k) in experimentl units of m -1 hs een desried in RVF e remind tht this requires to reple the frontl r 2 0 ρ term of I(k) in iqF@IA y the following preEftor r 2 0 (N/L 3 )/100D N is the numer of moleules in the simultion ox of size L@expressed in metersAF 3 Results

Experiments

he experimentl I(k) re shown in pigFP for the mesurements performed t fvP of hive nd re in resonle greement with the dt pulished y hvselkä et lF RW nd omsi£ et lF PQIT @see pigFI in sAF hespite the di'erent experimentl setup used t fvW of hiveD the dt tken t oth experiments resemle eh otherF gomplementry mesurements were performed on hV lortory di'rtometer with less sttistil ury ut re lso onsistent with the ones presented hereF he ptterns exhiit two distint peksD the min di'rtion pek nd the well known preEpek feture in monoEols SHD SID RD SD RWD SPD PQD SQD SRD IPD SSF he ltter n e oserved in the kErnge 0.3 Å-1 `k`I Å-1 nd is well seprted from the min di'rtion mximum @1.4 Å-1 `k`IFUS Å-1 AF snterestinglyD the preEpek is simple shoulder for methnolF he min pek position nd mplitude vries onsiderly from methnol to IEpropnolD ove whih it stilises in position while inresing in mplitudeF es for the preEpekD two importnt fetures re oservedF he (rst onerns the systemti derese of the preEpek position with inresing lohol lengthF e seond feture is the ft tht the preEpek mplitude inreses with n for smll lknolsD until mximum for IEutnolD fter whih it dereses systemtillyF his ehviour suggests rossover phenomenD whih we will study in the following setionsF foth oservtions V pigure PX ixperimentl Ery sttered intensities for lohols from methnol to IEnonnolF he inset shows the preEpeksD s extrted from proedure explined in etion QFQF re in line with previous similr report of these trends STD nd require n explntionF 3.2 Simulations he results for I(kA from omputer simultionsD nd for vrious models re shown in pigFQD nd re ompred with the experimentl ones s shown in pigFPF he results re presented for the yv model in lueD for the ri model in redD for the greww model in green nd the qywy model in goldD while the experiment is plotted s lk dshed linesF he gry re represents the smllEk region for whih the (nite size errors from the simultions 'et the estimtions of the lulted I(k)F st is immeditely seen thtD for ll modelsD the overll shpes of the luE lted I(k) for vrious monoEols re in greement with the experimentl onesD inluding in prtiulr the min pek in the rnge 1.3 Å-1 < k M < 1.7 Å-1 D nd the preEpek in the rnge 0.3 Å-1 < k P < 1.0 Å-1 F he yv model seems more onsistent thn the two othersD in the sense tht it reprodues oth min pek nd preEpek fetures etter thn the other modelsF st generlly overesE timtes min pek height nd underestimtes preEpek heightF he ri model does not provide good desription of the min pek for longer monoEols @mplitude nd positionAD ut produes preEpek onsistent with experimentsF he position of the preEpek is in remrkle greement with the experiment up to IEpropnolD then devites signi(ntly ut pprohes gin the experimenE tl preEpek position for the lrgest monoEolsF greww model is the most inonsistent oneD sine it is unle to produe the preEpek for lower lknol @exept for IEpropnol E ut see elowAF snterestinglyD this model predits n W pigure QX I(k) lulted with the yv @lueAD ri @redAD greww @greenAD qywy @goldA model from methnol to IEnonnol ompred to the experimentl di'rtion ptterns @lk dshed linesAF unphysil negtive preEpek @ntiEpekA for IEpentnolF st predits onsistent preEpeks for longer hinsF he good greement t the min pek indites tht the fore (eld model is le to desrie short rnge sptil orreltions reltively wellF wost fore (elds re designed to hieve this to some extentF sndeedD most fore (elds give good ount of thermodynmi properties suh s the enthlpyF his quntity is relted to the elementry integrls ´d rg ij (r)v ij (r)D where v ij (r) is the pir intertion modeled y the fore (eldD for given pir of tomi sites i nd jF uh intertions hve sptil rnge limited to (rst or seond neighoursD even in presene of long rnge intertionsD euse of the goulom sreening phenomen in dense liquidsF hereforeD good pproximtion of the enthlpy indites tht oth the intertion v ij (r) nd the resulting pir orreltion g ij (r) must e well reprodued y the fore (eld modelF e good greement for the preEpek is more demnding fetureD inditing tht the fore (eld is le to pture lusterGdomin formtion urtelyF his informtion is hidden in the long rnge prt of the orreltionsD nd is more sensitive to the mirosopi detilsF e systemti nlysis of oth min pek nd preEpek fetures is provided IH in the next suEsetionF 3.3 Main peak and pre-peak analysis por detiled nlysis we determined the minEpek using omintion of erson ss funtion nd liner slopeF hen in seond step we (tted the preEpek likewise in the orresponding preEpek region fter sutrtion of the minEpek (t nd reveled their pek intensityD pek position nd prw @pull idth t rlf wximumAF he orresponding error rs were estimted nlyzing the mesurements rried out t the vrious experimentl endEsttions nd re dominted y the kground tretmentF his proedure ws likewise performed for the omputed I(k) for proper omprison etween experiment nd theoryF roweverD using this proedure it ws not possily to extrt preEpek for ll the omputed I(k)D iFeF for methnolD ethnolD IEutnol nd IEpentnol otined from greww fore (eldF he error rs of this nlysis were otined y vrition of the orresponding (tting rngesF he results of the evlution re shown in pigF R for the min pek nd pigF S for the preEpekF pigure RX win pek nlysis of I(k) from the experiment @lk tringlesAD yv model @lue dotsAD greww model @green squresA nd ri model @red dimondsAF ek position k M @leftAD pek mplitude A M @enterA nd prw @rightAF pigFR shows tht the min pek mplitude A M inreses with lohol hin length showing n lmost liner ehvior for longer monoEols strting with IE propnolD while the position k M strongly dereses nd then hnges lmost linerly with hin lengthF urprisinglyD the prw exhiits ler nonEliner dependenyF his n e ssigned to the proximity of the position of oth preE pek nd min pek up to IEutnol nd the orresponding rosstlk in the (tF por lrger hin lengths the di'erene in pek positions strongly inreses providing more independent (t of oth feturesF roweverD this ehvior n e oserved onsistently in simultions @yv nd grewwA nd experimentF hese trends in the min pek n e rtionlised s followsF he position II k M of the pek is relted to the men tomi dimeter < σ > for given loholD ording to k M ≈ 2π/ < σ >F por dense liquidD this is equivlent to < σ > eing relted to the verge prtileEprtile onttF por smll loholsD this is dominted y the smll dimeter of hydrogenD hene lrger k M F fut for the longer ones it would e dominted y the dimeter of the methylene groupD hene smller k M . ineD for longer lohols the methylene groups domintes the vergingD it explins why k M tends to sturte t the lower vlue of 1.4 Å-1 D whih orresponds to σ ≈ 4.5 Å-1 D whih is lose to σ CH2 ≈ 4.3 ÅF his is onE sistent for yv nd grewwD ut not riD whih indites too lrge methylene dimeter out 4.65 ÅF he mplitude A M is governedD ording to iqF@PAD y the min pek mplitude of the vrious struture ftors S ij (k)F elthough the numer of methyleneEmethylene orreltions inreses with n 2 D the density term ρ = N/V in iqF@PA modertes this trendD sine simultions indite thtD for (xed numer of moleules N = 2048D the ox size V = L 3 inreses with nF yverllD the yv model ppers to follow the overll experimentl trends etter thn the greww nd ri modelsF pigFS shows similr nlysis for the preEpekF pigure SX reEpek nlysis of I(k) from the experiment @lk tringlesAD yv model @lue dotsAD greww model @green squresA nd ri model @red dimondsAF ek position k P @leftAD pek mplitude A P @enterA nd prw @rightAF he preEpek position k M is seen to derese monotonously with nF his trend n e understood the following wyF k M is relted to the size of the metEojetD ut whihc ss it the men length of the hydroxyl hed group liner ggregtec he luster nlysis @see pigFT elowA shows tht the luster size is either dominted y pentmers for ll monoEols @yvD riA or hnges very little @grewwAD hene in ontrdition with the trend oserved in pigF RF st seems more resonle to ssoite the metEojet to the ensemle of the hin ggregte surrounded y the lkyl hinD whose men size < d > would inrese with nD in greement with the oserved ehviour for k P ≈ IP 2π/ < d >F he prw of the preEpek dereses ontinuously from methnol to IEundenolF es for the mplitude A P , the experimentl dt show tht it inreses up to IEutnol D sturtesD nd then dereses strting with IEotnolF e similr oservtion for the inrese of preEpek ws mde y omsi£ et lF ITD in very good greement with our (ndingsF he derese of the mplitude A P is more omplited to rtionlizeF st is relted to the importne of the lkyl til ontriutions with inresing nD nd will e disussed lter in the light of the simultionsF yverll y omprison etween experiment nd theoryD the yvEe model provides the most prominent greement with the experimentl (ndingsF 3.4 Snapshots npshots of typil lohols re shown in pigFTD nd for vrious modelsF isul inspetion on(rms mostly the existene of short hinElike ggregtes for ll models nd loholsF pigure TX npshots of Q di'erent models @yvDri nd grewwA for Q di'erent lohols @ethnolD IEpentnol nd IEotnolA IQ hese snpshots re designed to highlight the hydroxyl groupsD with oxygen in red nd hydrogen in whiteD while the lkyl tils re shown s semiEtrnsprent ynF hile the density of the rEonded hins dereses with inresing lkyl hin lengthD whih is ovious sine the numer of methyl groups inresesD it lerly ppers tht the rEonded hins seem longer for longer monoEolsF his feture n e rtionlized y the ft tht hrged groups n luster more esily in lrge groups when the lkyl hin is longerF he visul inspetion of the greww model is omplited y the ft tht this is n ee modelD hene the lkyl tils re ftter euse of the prominent hydrogen tomsF his mkes the yn kground somewht denser nd hinders the ler vision of hydroxyl hinsD nd gives flse impression of lesser density of the hydroxyl groupsF hespite this drwkD the somewht lesser lustering tendenies of this model re visully pprentF e more detiled investigtion revels tht ll sorts of geometry nd size of lusters existsD suh s liner hinsD rnhed hinsD loopsD rnhed loopsD lssosF sn thtD lustering shpe in ll monoEols is very similr to wht we reported erlier for methnol WD with the exeption tht lrger lusters more prominently pper for longer monoEolsF 3.5

Cluster analysis pigFU shows the lustering proilities of the oxygen toms for seleted monoE ols nd modelsF he methodology used is the sme s in our previous works WD SUF pigure UX roilities of oxygen lusters versus the luster sizeD for lohols from methnol to IEnonnolD nd for Q di'erent models @yvD ri nd grewwA foth yv nd ri model show systemti trend for higher lustering proility with inresing lohol lengthD oth with n verge hin length round SF his is somewht onsistent with wht is oserved in the snpshots of IR pigFTF sn prtiulrD for longer loholsD the proility of oserving pentmers of hydroxyl groups exeeds tht of free monomersF futD the most striking nd unexpeted feture is the ner sene of luster pek for the greww modelF por this modelD the monomer proility is the highestD suggesting tht the numer of pentmer hydroxyl groups is smllF roweverD the totl numer of hydrogenEonded moleules is still muh lrger thn the numer of monomersF sn thtD the greww model is not di'erent thn other modelD s fr s the glol lustering property is onernedF st on(rms wht the visul inspetion of the snpshots in pigFT suggestsF his prolem my e relted to the sene of preEpek for this model for mny loholsD s shown in pigFQF his mrked di'erene with the other models requires some lri(tionsD whih the nlysis of the orreltion funtions is likely to provideF

3.6

Correlation function analysis ine tomEtom struture ftors S ij (k) pper in the de(nition of I(k) through iqF@PAD in this entire setion we will nlyse how the spei( miroEstruture of vrious types of the lohols we hve studied hereinD ontriute to the S ij (k).

sn the reminderD we hoose to grphilly represent the interEmoleulr prt of the struture ftor with onvention similr to single tom liquid RRD nmelyX

S ij (k) = 1 + ρ ˆd r [g ij (r) -1] exp(i k • r) @RA
his wyD side the ommon dditive term ID we will e essentilly ompring the pourier trnsforms of the tomEtom interEmoleulr orreltion funtions g ij (r)F 3.6.1 Charge ordering and domain ordering prom our previous work SVD SWD RUD the key feture in the hydroxyl group hining is the hrge ordering etween the negtively hrged oxygen nd posE itively hrged hydrogenD leding to hrteristi liner hining of the type +-+-+-...F es onsequeneD the ssoited toms hving mny of their like neighours lignedD they hve less seond nd third neighours of their kindF his leds to two spei( fetures RU in the orresponding interEmoleulr g ii (r) for the orreltions etween like toms iX high (rst pekD witnessing the strong ssoitionD followed y depleted orreltionsD due to lesser neighours of like tomsF his feture is illustrted in pigFV for the oxygenEoxygen orreltion funtions g OO (r) of the yv model for seleted Q monoEols @ethnol@greenAD IEpentnol @lueA nd IEotnol @lkAAF st is this doule feture whih leds to the preEpek feture in the orrespondE ing S OO (k)D s ws demonstrted in efF RUF he essene of the demonstrtion is the following nd holds for ny pir of ssoited toms aX the high (rst pek of g aa (r) ontriutes to wide positive pek t k = 0 for S aa (k)D while the depletion prt of g aa (r) ontriutes to nrrow negtive pek t k = 0F he IS pigure VX yxygenEoxygen orreltion funtions g OO (r) of the yv model for seleted monoEols @ethnol @greenAD IEpentnol @lueA nd IEotnol @lkAAD illustrting the fetures whih give rise to the struture ftor preEpek @see textAF he inset shows the orresponding preEpek in S OO (k)F totl ontriution is positive preEpek in S aa (k)F his is illustrted in the inset of pigFV for S OO (k)F enother feture whih is fundmentl to understnd the preEpek in I(k)D is the existene of ntiEorreltions etween the hrged nd unhrged groups THD RVF sndeedD sine hrged groups prefer to ssoite togetherD the unE hrged groups tend to oupy the remining empty speD with the permnent onstrint tht these groups re tthed to the full moleulesF he sptil lterntion of hrged nd unhrged tomi groups is illustrted in pigFW for the yv model nd Q seleted lknolsF he hrged groups @oxygenD hydrogen nd (rst methylene tomA re shown in lueD while the remining methyleneGmethyl toms re shown in semiEtrnsprent ynF he hrged groups form ompt semiEliner lue lustersD seprted from the surrounding yn neutrl tomsF his lterntion of groupsGdominsD leds to long rnge ntiEorreltions eE tween themF his is illustrted in pigFIH for oxygenEoxygen g OO (r) nd oxygenE terminl methyl group g OCn (r) orreltion funtionsD for the yv models of the Q lknols seleted in the previous snpshots in pigFW F he long rnge phse opposition domin osilltions n e oserved in ll Q sesD ut these re roder for the longer monoEolsF he width of the osilltions period inreses with the lknol hin lengthF he inset shows the (rst pek detilsF he in)uene of the goulom indued lrge (rst pek is lerly seen in the g OO (r)D whih is diret onsequene of the rEonding orreltions etween the oxygen tomsF hese ntiEorreltions give rise to negtive preEpeks @or ntiEpeksA in the struture ftorsD s illustrted in pigFIIF he ntiEpeks re esy to understndX IT pigure WX npshots for Q lohols @ethnolD IEpentnol nd IEotnolA for the yv modelD illustrting the nnoEsegregtion etween the hrged toms @drk lueA nd the unhrged ones @ple lueD shown in semiEtrnsprentAF sine the orreltions g OCn (r) re in opposing phse with those of the g OO (r)D their ontriution to the pourier trnsform in iqF@RA hs neessrily the opposite signD hene ontriute in the opposite diretion thn tht of the S OO (k) preE pekF hile the positive preEpeks re quite prominentD nd greter thn the min peksD the ntiEpeks re often negtiveF st is interesting to note tht for the smller monoEolsD the ntiEpek is merely smll dip @top pnel in pigFIIAF his is diret onsequene of the lkyl tils eing very shortD nd eing only wekly orrelted with the hrged hed groupsF roweverD for longer loholsD these tils re strongly ntiEorrelted with the hed groupsF his ntiEorreltion re)ets the nnoEsegregtion oserved in the snpshots pigFTD etween the ggregted hydroxyl groups nd the lkyl tilsF sndeedD if the two types of groupsD hrged hydroxyl nd neutrl tilD were dethedD one would oserve mrosopi phse trnsition etween themF ine they re tied into the sme moleuleD one oserves depleted orreltion etween the twoD s tht seen in g OCn (r) in pigFIHD whih is t the origin of the ntiEorreltionF xowD we re in position to understnd how these orreltions nd ntiE orreltions ply pitl role in the preEpek of I(k)D s result of nelltions in iqF@IAF he lower pnels of pigFIP show ll the tomEtom struture ftors S ij (k) @s de(ned in iqF@RAD tht is with the extr I dded for presenttion purposeA for the sme Q yvEe lknolsD highlighting the like nd ross orreltions in the preEpek regionF he upper pnels show the I(k) @in lkAD together with the like orreltion ontriutions @in lueA nd ross orreltion ontriutions @in redAF he struture ftors in the lower pnel re divided into those of the hydroxyl groups @in lueAD the methyl groups @in gryA nd the ross orreltion etween the two @in greenAF he spei(ity of the vrious toms re intentionally ignoredD IU pigure IHX gorreltion funtions for yv model g OO (r)@lkA nd g OCn (r)@lueA illustrting the domin ordering etween hrged hed group toms @here yA nd til toms @here the lst ron g n AD nd for Q di'erent lohols @ethnolD IEpentnol nd IEotnolAF sine we wnt to highlight the in)uene of hed groups versus the lkyl tilD whih is t the origin of the lol segregtion in pigFT nd pigFWF he I(k) in iqF@PA n e rewritten s

I(k) = I like (k) + I ross (k) @SA with I like (k) = r 2 0 ρ i f 2 i (k)S (T )
ii (k)

I ross (k) = r 2 0 ρ i =j f i (k)f j (k)S (T ) ij (k)
where we hve seprted the like tom ontriutions I like (k) from those from the di'erent toms I ross (k)F prom the lower pnels of pigFIPD it is ler tht I ross (k) is likely to ontin negtive ntiEpek ontriutions in the se of some loholsD suh s IEpentnol nd IEotnolD for exmpleF he upper pnels of pigFIP show in lk lines the totl I(k) uilt from ll totl struture ftors from iqsF@PDQAD s well s the ontriutions to I(k) oming from like toms nd ross tomi ontriutionsF gompring the struture ftors in the lower pnelD to the I(k) in the upper oneD it is ler how the like ontriutions tend to ontriute positively to the preEpekD winning over the negtive ones from the ross ontriutionsF st is importnt to note tht in the lkyl til ron tom ontriutionsD those rons lose to the hydroxyl hed ontriute to positive preEpek @sine they re strongly tthed to the hed groupAD while the ross orreltion of these toms with the triling rons ontriute to negtive ntiEpekF his explins why there re negtive ontriutions in the gry urves s one goes to longer loholsF st is lso noteworthy tht struture ftors etween triling ron toms do not hve ny preEpekD nd look just IV pigure IIX truture ftors S OO (k) nd S OCn (k) orresponding to the orrelE tion funtions shown in pigFIHF stndrd vennrdEtones struture ftorsF sn other wordsD the til toms y themselves do not ontriute to the preEpekF his remrk shows the importne of interpreting I(k) s resulting from sttistil orreltions etween di'erent prts of the metEojetsD nd not only to some of themD suh s the hydroxyl group hinF vooking loser t the lower plotsD we notie tht the struture ftors of ethnol hve lmost no ntiEpeksF he reson for this is simply euse there is only one neutrl tomX the tiling methyl groupF his is not the se ny more for IEpentnol nd IEotnolD nd we lerly see the importne of the ntiE peksF he positive preEpek of the hydroxyl orreltions lso grows in intensity when going from ethnol to IEotnolD re)eting the tightness of the hydrogen onding for lrger monoEolsF enother feture is the pprent inversion of pek heights etween the struture ftors nd I(k)F sndeedD the struture ftors show lrge preEpek nd smller min pekD while this is inverted in I(k)F he reson is tht it is the numer of ontriutions in iqF@PA whih mttersD nd the smller min peks of the struture ftor end up overwhelming tht of the preEpekD resulting in the tul shpe of I(k)F hetils of these orreltionsD intentionlly undi'erentited hereD will e disussed in susequent workF he fetures oserved in this uEetion for yv re seen for ll modelsF sn the s doument we show the equivlent of pigsFWEIS for the grewwEee model in pigsFPESF IW pigure IPX ttered intensities I(k) @upper pnelsA nd ll orresponding tomE tom struture ftors S ij (k) for the yv model of Q lohols @ethnolD IE pentnol nd IEotnolAF he upper pnels eqully show the like tom ontriE utions to I(k) in lueD nd ross tom ontriutions in redF he lower pnels show hydroxyl tom ontriutions in lueD lkyl til ron tom ontriutions in gryD nd ross ontriutions in green @see textAF 3.6.2

The important role of the intra-molecular correlations sn the previous prt we hve seen tht the ross domin orreltions involve lrge negtive ontriutions in I(k)F uh ontriutions ould potentilly nE el the preEpek ontriutions in some sesD nd they indeed doD s we hve demonstrted for the se of queous IEpropnol mixture THF his oservtion poses the prolem of how to interpret the pperne of preEpek in I(k) s residul prt of neling e'etsD nd more importntly how to relte this to n underlying mirosopi physis suh s selfEssemlyF por exmpleD in nother work RVD we interpreted the experimentl evidene for the pperne of stE tering preEpek in queous IEpropylmine mixturesD s opposed to its sene in queous IEpropnol mixturesD s the signture of wter hydrogen onding to the mine nd hydroxyl groups is di'erent for eh type of mixturesF sn the present seD we oserve thtD if insted of the orret w ij (k) involving the moleulr )exiilityD we use the pproximtion of the rigid moleule @see etion PFRFIAD then the preEpek of longer lohols vnishesD or even eomes negtive ntiEpekD whih is n unphysil feture sine I(k) should e positive for ll kF his is illustrted in pigFIQD where we showD for the se of the Q lohols seleted for pigFIHD the like I like (k) nd ross ontriutions I ross (k) together with the totl I(k)D for the ses of the rigid nd )exile w ij (k)D respetively in dshed nd full linesF st is quite ler thtD in the se of the rigid intrEmoleulr pproximtion with dshed linesD the preEpek feture is onsiderly modi(ed nd does not PH pigure IQX sllustrtion of the ruil in)uene of )exiility in the preEpek deE sriptionD for the yv model of Q lohols @ethnolD IEpentnol nd IEotnolAF he full urves re for when )exiility is properly inluded in the w ij (k) funE tions @see pigFIAD nd thin dshed urves when w ij (k) for rigid moleules is usedF flk urves re for totl I(k)D lue urve for like tomEontriutions of I(k) nd red urves for ross tom ontriutionsF mth the respetive experimentl dtF elsoD this e'et is more pronouned for longer lknolsF sndeedD for IEotnolD I(k) is seen to develop n unphysil negtive ntiEpek @lk dshed urve in the left pnelA when )exiility is not properly desriedD nd the dshed red urve shows tht the negtive ontriE ution omes from the overwhelming ross toms struture ftorD involving in prtiulr orreltions etween the hydroxyl hed toms nd the triling toms of the lkyl tilsF 4 Discussion dition sttering in liquids is sttistil proe of the mirosopi fetures in the disorderD whih is why it is relted to purely sttistil oservle suh s orreltion funtions nd struture ftorsD s in the heye formulF st is the nlysis of the struture ftors whih would unover whih mirosopi fetures ontriute to spei( fetures of the sttered intensityD suh s preE peksF wny types of investigtions of lohols point towrds the existene of hydroxyl group ggregtesF fut the present work shows lerly tht it is not only these ggregtes whih ontriute to the fetures of I(kAD ut the entire metEojet formed y the surrounding lkyl tils s wellD whih is seen y the sttered rditionF he lkyl tils re shown to ply n inresingly importnt role with nD prtiulrly through their )exiilityF wore importntlyD it ppers neessry to inlude the ntiEorreltions etween the hydroxyl hed group nd the lkyl tilD in order to interpret the derese of the preEpek when these lkyl tils grow in size eyond n = 4F he study lerly suggests tht the preEpek nnot e fully understood with model free investigtionD hene neessrily involving the penlties ssoited with modeling shortomingsF PI he omprison of the experimentl nd simulted I(k) shows the strong model dependeneD nd in prtiulr the errti ehviour of the greww model deserves some investigtionF his model di'ers from the yv nd ri models y the llEtom representtion of the methylene nd methyl groupsD ut more importntly y the ft tht the orresponding hydrogen nd entrl ron er reltively lrge prtil hrgesF sn dditionD unlike the two other models whih ssign the sme prtil hrges to the sme toms throughout the vrious loholsD the greww model hs di'erent djustments depending on lohols @see lesAF sn view of the rgumenttion in the preE vious setionD where we hve shown the importne of hrge ordering in the mirosopi strutureD we elieve tht this model lurs the hrge ordering nd diminish strongly the hydroxyl group ssoitionF st is n experimentl oservtion tht the preEpek in I(k) is lwys positiveF sn view of iqF@PA nd the existene of preEpek nd ntiEpeks in the S ij (k)D one my sk why their summed ontriution in iqF@PA should lwys led to positive ontriution in the experimentsF he exmple of the greww model shows tht this is not lwys the seD s in the se of IEpentnolD hene inditing tht this model hs something unphysil out itF he greww modelD in senseD demonstrtes tht it is possile to otin miroEstruture oeying hrge ordering nd domin ordering riteriD nd yet give unphysil quntitiesD suh s noEprepek or negtive ntiEpeksF roweverD one should not onlude tht ll llEtom models re ound to suh fteF sndeedD we hve tested the yvEee for methnol nd ethnolD nd it gives preEpek for I(k)D lthough somewht lower thn expetedD when omE pred to the yvEe modelF vooking t the prtil hrges of this model in the lesD we notie tht those on the methylGmethylene groups re somewht smller thn those of the greww modelF sn wyD these groups will hve less tendeny to lur the hrge orderingF sn order to support these rgumentsD we show in pigFIR omprison of the yvEee model for methnol nd ethnol with yvEe nd grewwF st is seen thtD for methnolD the yvEee model misses the preEpek shoulE der fetureD just like the greww modelF por ethnol howeverD yvEee shows preEpekD lthough weker thn the yvEe modelF hen looking t the hrges of the terminl g group in le S @see the s doumentAD we (nd tht yvEee hs HFHT for the hydrogenD while grew hs HFHWD higher vlueF sn other wordsD the goulom intertion of the ron group hydrogen would e more strongly felt for greww thn for yvEeeD leding to stronger hrge order homogeneity reking for this ltter modelF his explins why yvEee hs stronger preEpek thn grewwF snterestinglyD yvEee hs luster distriution similr to tht of greww in pigFUD suggesting tht ll ee models tend to fvor higher monomer proilE ity thn their e ounterprtF e note tht this is not in ontrdition with the similrity of the orreltion funtions nd struture ftors in wht onerns the lustering feturesD sine ee models hve lso lrge numer of lustersD s indited y the lrge luster distriution til in pigFT for grewwF PP pigure IRX glulted I(k) for methnol@top pnelA nd ethnol@ottom pnelA illustrting the ility of llEtom nd unitedEtom models to reprodue the preEpekF grewwEee in greenD yvEee in mgent nd yvEe in greenF 5 Conclusion sn this workD we hve ompred the lulted Ery sttering intensities I(k) for vriety of monoEolsD rnging from methnol to IEnonnolD to the orreE sponding experimentl dt @methnol to IEundenolAD nd for severl of known fore (eld modelsD suh s yvD riD greww nd qywyF he prinE ipl fous of this lultion ws twofoldX on one hnd to test the ility of vrious types of fore (eld models to reprodue the overll shpe of the exE perimentl I(k)D nd prtiulrly the well known sttering preEpek feture of these loholsD nd on the other hnd to provide n explntion for the generi fetures of I(k) ross di'erent loholsF wo notle suh fetures re the deE rese of k P with inresing vlues of nD nd the mplitude A P turnover round IEpentnolF es fr s the (rst point is onernedD we (nd in generl tht the yvE e model provides etter resultsF sn prtiulr it reprodues well the preE pek9s position nd reltive intensity vritions throughout the whole series of monoEols studiedF he ri model is less performntD prtiulrly in wht onerns the minEpekF fut this model predits preEpek for ll loholsF he greww model is the most prolemtiD prtiulrly for smll loholsD sine it fils to predit the preEpek for methnol nd ethnolD nd predits n unphysil negtive nti pek for IEpentnolF roweverD it is good for longer loholsF he prolems found for ri nd greww round IEpentnol ould well e relted to the physil ft tht there is rossover of ehviour of the ggregted strutures round tht prtiulr loholF es fr s the seond point is onernedD we hve shown tht the origin of the preEpek in I(k) is not PQ pigure ISX sllustrtion of the onept of liquid of metEojetsD strting from the initil hrge ordered hin @A with lternting y@EA nd r@CA hydroxyl hedsD generting vrious shpes of lustersF wetEojet representtion of ethnol @A nd IEotnol @A with the entrl hin @redA surrounded y lkyl til loud @in greenA with few monomersF only relted to the hydroxyl hed groups ggregtesD ut to the entire metE ojet formed y this entrl hin nd the surrounding lkyl tilsD promoting the piture of suh lohols mde not only of monomer lohol moleulesD ut lso metEojetsF his is illustrted in pigFISF I(k) would then detet oth the tomi onstituents through the min pek nd the metEojet through the preEpekF wore spei(llyD the preEpek is the result of orreltions etween the hrged hed groups prt nd rossEorreltions etween the hed nd til prtsF he dulity of the metEojet nd the orreltions etween its prt ppers s wholeF irlier studies of methnol reported the lrge vriety of luster shpesD suh s hinsD simple nd rnhedD loopsD lssosD etFFF SHD SID RD SD TID SPD SRD PID IPD WD IHF he present work indites tht this is lso the se for ll monoEolsF reEpeks re found in mny softEmtter systems TPD TQD TRD TSD TTD prE tiulrly in miroEemulsion systemsD nd geometri shpes of the ggregtes re often dedued from the shpe of I(k)F sn view of iqF@IA nd the ft tht ggreE gtes re etter de(ned from the tomi struture ftors themselvesD it is quite possile tht more detiled nlysis nd interprettion in terms of hrge nd domin order vi tomEtom orreltions my provide deeper insight into selfE ssemlyF sn ny seD the need for omputer simultions ppers s neessryD in order to lulte the tomEtom struture ftorsF his ould pose quite formidle modeling prolemsD speilly when onsidering typil softEmtter systemsF e hope tht the present investigtion hs provided elements for reE onsidering usul interprettions of I(k) in terms of mirosopi propertiesD y estlishing the need for the dul ggregteGorreltion pitureF PR SUPPLEMENTARY MATERIAL ee supplementry mteril for detils out fore (elds prmeters @lesA nd disussions out the greww fore (eld dt s well s density dtF T wrusD F truturl spets of wter in IEotnolF 
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