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On the dual behaviour of water in octanol-rich aqueous n-octanol mixtures: an x-ray scattering and computer simulation study wrtin ozr 1 D tennifer folle 2 D usnne hognEurmeier 2 D iri hneider 2 D wihel ulus 2 D ghristin ternemnn 2* nd eurélien erer 3

Aqueous n-octanol (n = 1, 2, 3, 4) mixtures from the octanol rich side are studied by x-ray scattering and computer simulation, with focus on structural changes, particularly in what concerns the hydration of the hydroxyl-group aggregated chain-like structures, under the inuence of various branching of the alkyl tails. Previous studies have indicated that hydroxyl-group chain-cluster formation is hindered in proportion to the branching number. Here, water mole-fractions up to x = 0.2 are examined, i.e. up to the miscibility limit. It is found that water molecules within the hydroxyl-chain domains, participate to the chain formations in dierent manner for the 1-octanol and the branched octanols. The hydration of the octanol hydroxyl chains is conrmed by the shifting of the scattering pre-peak to low momentum transfer both from measured and simulated x-ray scattering intensities, which corresponds to an increased size of the clusters. Experimental x-ray scattering amplitudes are seen to *

Introduction

st is well known tht lohols re hrterized y the hinElike ssoition of the yr hydroxyl groupsD whih give rise to sttering preEpek in rdition sttering experiments ID PD QD RD SD TD UD VD WD IHD IID IPD IQD IRD nd lso from sttering intensities lulted from omputer simultions ISD ITD IUD IVD IWD PHD PID PPD PQF ht is perhps less known is the in)uene of the lkyl til prtsD oth in their length nd their rnhing possiilitiesF he nEotnols re idel se for this studyD euse the lkyl tils re resonly longD nd R rnhing onditions re possileD s illustrted in pigF IF pigure IX ytnol moleules rnhingF he moleules were visulised using ghemhrw @ghemQhY erkinilmer snformtisAF elohols eyond propnol re no more fully misile in wterD inditing tht lkyl hin lengths eyond R re lredy too hydrophoi for wter to ommodteF sndeedD the volume rtio of hrged @hydroxyl hed groupsA nd P unhrged @lkyl tilsA derese s 1/mD where m is the lkyl til length in terms of methylGmethylene unitsF por otnolD the volume of hydrophoi units is VE fold tht of the hydrophili unitsD twie tht of IEpropnolF es wter is dded to net loholsD it is initilly expeted tht it would ssoite to the hydroxyl groupsD whih re lredy grouped in hinsF fut this goulom emptheti ssoition is not expeted to hold when the wter ontent is inresedF por smll loholsD miroEsegregtion of the lohol nd wter is oservedD with the help of wterEhydroxyl group proximityPRF elsoD hining of the hydroxyl groups is suppressed t high wter ontentF his rossover from monomeri to hin formtion is onditioned y the lkyl hin length nd ulkinessD nd nnot our without full phse seprtion eyond m = 4PSF his implies tht the miroEsegregtion piture of misile smll lohols is lost with longer onesF hereforeD it is interesting to exmine how wter 'ets the yr hin formtion efore the reking pointD nd lso how the lkyl til th in)uenes wter lotionF he experimentl xEry spetr n e intuitively interpreted in terms of underlying struture formtionD ut only to some extentF gomputer simultions provide mirosopi piture through the sttistil nlysis of mny possile moleulr on(gurtionsF roweverD simultions ome with their own lod of prolemsD the most importnt eing the use of model moleulr fore (eldsD suh tht the systems studied do not quite orrespond to the experimentl onesF snterpreting (ne detils di'erenes in pr with the intuitive ides provided y the experimentl spetr is di0ult exeriseD possily there is no gurntee tht unique interprettion is possileF his is on(rmed y previous studies of IEotnolEwter mixturesF he IWWQ pper of prnks et al. W used modi(ed hrd sphere model to (t the hydroxyl group ggregtes of net IEotnol to spheril oreD thus providing perfet (t of the preEpek shpeF he PHHP pper y wgllum nd ielemn PT onerns omputer simultions of net nd hydrted IEotnolF he snpshots from omputer simultion show very lerly tht the yr hyE droxyl groups form hins nd not spheresD hene proving the model of prnks nd oworkers inorretD despite the impele (t of the preEpekF he sme simultion shows tht wter tends to insert within the hydroxyl hinsD nd tht the preEpek mplitude inreses with wter onentrtionF pinllyD the PHHT pper y ghen nd iepmnn IV is wonte grlo simultion study of dry nd wet otnol with di'erent fore (eldsF he uthors on(rm the formtion of yr hinsD with insertion of wter inside the hinsF sn dditionD they report tht wter tends to distriute itself more on very long net IEotnol hins thn short onesD hene diminising the numer of pure IEotnol long hinsF his lst trend is eqully oserved y usD ut with the dded interprettion tht wter tends in ft in reking yr hinsD thus ting s struture rekerD onlusion tht is not rehed y this erlier studyF yther experimentl studies of queous nEotnolD re mostly limited to IEotnolD nd do not provide very urte mirosopi pituresF everl types of studies hve een performedD suh s the thermodynmi studies PUD PVD spetrosopi studies PWD QHD or interfil desriptions through simultion methods QIF Q he pthwy we hoose in this pper is the followingF he vrious otnol lohols re systems ordered t mirosopi levelD in the sense tht hydroxyl groups form vrious types of hinsF edding wter to these lohols will evenE tully led to full demixing lredy t wter onentrtion s low s x ≈ 0.25F reneD studying the mixing of wter with these lohols is kin to studying preE ursor demixing onditionsF yn the other hndD it seems intuitively ler tht wter moleules will preferly sty in the viinity of the hydrophili hydroxyl hin groupsD nd tend to pertur these hinsF iventullyD this perturtion will rek the stility of the systemD whih will prefer to phse seprte y segE regting the wter moleules into pokets seprted from the ordered otnolsF gomputer simultion n provide some support to how this hppensF ht we (nd is tht wter plys oth the role of struture mker nd rekerD depending on if the otnols re rnhed or notF sn wht followsD we try explin how the vrious mirosopi inditors from the simultion n help support this pitureF 2

Experimental and simulation details 2.1 Experimental ure otnol isomers nd otnolGwter mixtures were studied y xEry di'rE tion t PWQ uF e purhsed IEotnol @purity b WWFU%AD PEotnol @purity b WWFS%AD QEotnol @purity b WWFS%A nd REotnol @purity b WU%A from igm eldrih nd used them without further tretmentF wixtures were produed usE ing willi wterF he soluility of wter in IEotnol nd PEotnol is smll nd even smller for the highly rnhed otnolsF rene we were le to study IE nd PEotnol for wter molr frtions x up to HFP while QE nd RE otnol were investigted up to x = 0.1 to void demixingF he pure lohols nd wterElohol mixtures were (lled into orosilite pillries with HFHI mm wll thikness for the di'rtion studyF he xEry di'rtion mesurements were performed t the ending mgnet emline fvP of the synhrotron rdition soure hive @hortmundD qerE mnyA QPF e used multilyer monohromtor providing n inident energy of IHFVU ke with ndpss of out IH -2 nd emsize of HFS x HFS mm 2 F he di'rtion imges were mesured with weQRS imge plte detetorF vf 6 ws used lirtion stndrdF he Ph di'rtion imges were onE verted to di'rtion ptterns with the softwre pkge pitPh QQF pinllyD the ir sttering nd sttering from pillry ws sutrted nd the dt were normlized to the integrted intensity of the lulted di'rtion ptterns of the pure otnols in the wveEvetor trnsfer kErnge etween HFP nd PFQ Å-1

Simulations

woleulr dynmis simultions of the otnolEwter mixtures were onduted in the qroms progrm pkge QRF he initil on(gurtions of PHRV moleules R for ll systems were reted with kmol QSF hese initil on(gurtions were (rst energy minimized nd then equilirted for S nsF pinllyD prodution runs of S ns were performed during whih t lest PHHH on(gurtions were gtheredF he simultions were done in the xp ensemle t T a QHH u nd p a I rF he temperture ws mintined with the vEresle thermostt QTD wheres the the rrinelloEhmn rostt QUD QV ws utilized to keep the pressure onstntF he temperture lgorithm hd time onstnt of HFP ps nd the pressure lgorithm ws set t P psF he lepEfrog lgorithm QW ws used s the integrtion lgorithmD t every timeEstep of P fsF he shortErnge intertions were lulted within the IFS nm utEo' rdiusF he longErnge eletrosttis were hndled with the wi method RH nd the onstrints with the vsxg lgorithm RIF he fore(eld of hoie for the otnols ws the yvEe RPD while the gGe model ws used for wter RQF 3

Comparison of measured and calculated x-ray intensities 3.1 Experimental data and two conjectures he xEry sttering experiments re summrized in pigFPD for di'erent rnhE ing of the otnol nd di'erent wter mole frtions of x = 0.07, 0.1, 0.2 for IEotnolD x = 0.045, 0.15, 0.2 for PEotnolD x = 0.07, 0.1 for QEotnolD nd x = 0.06, 0.1 for REotnolF sn the disussion elowD we py ttention to two prinipl feturesX the mplitudes nd the kEpositions of the min pek @round k ≈ 1.4 Å-1 A nd the preEpek @in the kErnge 0.4 -0.6 Å-1 A nd their hnges with wter insertionF e use two onjeturesX the kEpositions re relted to ojets size nd the mplitudes re relted to the density of the ojetsF fy ojetD we men the toms or tomi groups @suh s the methyl groupA inside moleules nd the lusters of the hydroxyl hed groups when it onerns the min pek nd preE pekD respetivelyF fy ojet size we men tht de(ned through the interE ojet onttD suh s for instne de(ned y the minimum of the interEprtile intertionF sn previous work on otnolsPQD we hve shown tht oth onjetures were fully onsistent with the temperture dependene of I(k)D oth for the min pek nd the preEpekF issentillyD we found tht oth the mplitudes of the min pek nd preEpek inresed with the derese of tempertureD trend whih is onsistent with the densi(tion of liquids upon ooling sine ojets tend to oupy less volumeF imilrlyD the inrese of peks9 kEvluesD were shown to e onsistent with tightening of ontt due to inresed intertions due to the foltzmnn ftor k B T F sn the present seD euse of the very smll e'ets of wter insertion on I(k)D the onjeture is less oviousD prtiulrly for the preEpekF hese onjetures mke sense for the min pekD sine it onerns tomi S pigure PX Ery sttering intensities of n EotnolEwter mixtures with n a ID PD QD R with di'erent mole frtions of wterF he dt re normlized to the integrted sttering intensities of the pure otnols from the simultionsF he rrows re guides to the eyesF groups whih re well de(ned y the intertion fore (eldF por the otnols onsidered hereD the methylene groups of size σ m ≈ 3.75 Å re dominting the system in rtio VGIHF reneD the sttering min pek is positioned t k = 2π/σ m ≈ 1.67 Å-1 D whih on(rms prt of the stted onjetureF roweverD the experimentl min pek positions round 1.4 Å-1 indite somehow lrger e'etive dimeter of out 4.5 ÅF gonerning the mplitudes of the min pekD they re found to e nerly insensitive to the ddition of wterD sine the density hnge is so smllF por the preEpek howeverD the onjetures re importnt to explin the oE served hngesD highlighted y the rrows in pigFPD prtiulrly in wht onerns the mplitudesF his is euse lusters re entities with distriution of sizes nd densitiesF hile ll isomers exhiit deresing preEpek position k P P with inresing wter dditionD their mplitudes vry in very di'erent wyF por IEotnol the preEpek intensity inreses with higher wter ontentF por QE nd REotnol this trend is reversedF vtter is oserved lso for PEotnol ut to lesser extentF snterestinglyD the preEpek ehvior of the simulted intensities resemles surprisingly well to the (ndings from the experimentF ixept for dry QEotnol nd REotnolD we oserve in the simultion shift of the preEpek to lower kF he vrition of the preEpek intensity is most ovious if the lowest @2%A nd highest @15% -20%A wter onentrtions re onsideredX por IEotnol the intensity inreses while it dereses for ll rnhed otnols with ddition of wterF yverll we see rther good greement etween experiment nd simuE ltion whih llows us to look deeper into the struturl detils nlyzing the simulted snpshotsD tomEtom struture ftorsD nd orreltion funtionsF he se of REotnol is lso exmined elowF here re ovious ses of disE greementsD suh s the intensity of the preEpek of dry QEotnol eing muh higher thn for the wet onesF vtter is oserved in opposite ut to lesser U extend for REotnolF urprisinglyD these trends re reproduile from one run to notherD even when strted from di'erent initil onditionsF e get k to this lterD when exmining mirosopi detils from simultionsF sn order to etter interpret these sttering intensitiesD we rell the heye expression relting the sttering intensity I(k) to the total tomEtom struture ftors RRD RSD PPX

I(k) ≈ i,j ai,bj √ x i x j f ai (k)f bj (k)S (T ) aibj (k) @IA
where sums run on moleulr speies with index i nd jD s well s the toms a i nd b j elonging to the respetive moleulesD ρ is the totl numer densityD x i,j is the mole frtion of speies i, jD f ai (k), f bj (k) re the form ftors of toms

a i , b j D nd S (T ) aibj (k) = W aibi (k)δ ij + ρ √ x i x j ˆdr exp (ik • r) g aibj (r) -1 @PA
where W aibi (k) is the pourier trnsform of the intrEmoleulr orreltion funE tion PP for speies i @there re no intrEmoleulr orreltions for ross moleE ulr speiesD hene the uroneker delt δ ij D nd g aibj (r) the pir orreltion funtion etween the toms a i nd b j AF he interprettion of the intensity of the preEpek in terms of ggregte density is not ovious to justify from theoretil groundsF sndeedD the preE pek is the result of nelltions of positive tomEtom orreltion preEpeks nd negtive tomEtom orreltion ntiEpeksF pigFsEI in the upplementry snformtion @sA shows ll the struture ftors for IEotnol nd highlights typil onesD where the preEpeks nd ntiEpeks re visileF he origin of these tomEtom preEpeks nd tomi peks is relted to hrge orderD nd ultimtely refer to the lol rrngements of the hrged moleulr groups with respet to the unhrged onesF sndeedD the orreltions etween the hrged groups tend to produe positive tomEtom preEpeksD while the negtive ntiEpeks ome from the hrgedEunhrged ross orreltionsF por exmpleD the preEpek for the se of methnol is weker @lmost shoulderAD while tht of ethnol nd higher lohols is more pronouned nd higher in mplitudePPF prom these informtionD we n onlude tht the intensity of the preEpek re)et the density of the hrged groups in the midst of unhrged onesD nmely tht of the hydroxyl group lusters in the th of lkyl tilsF his interprettion hd een tested in the se of pure rnhed otnols PQ nd ould e put to the test in the present seF he min pek is seen to e quite insensitive to the ddition of wterD whih is fully onsistent with the piture tht wter essentilly ontriutes to the gE gregtes through the luster preEpekF sndeedD the min pek re)ets the men tom sizeD whih is dominntly tht of the methylGmethylene groups @round R Å for the yv united tom model RPAF he interprettion of the preEpek positions in efF PQD ws in terms of ggregte sizes in ondition where the rnhing of the lkyl til hinders the hin formtion of the hydroxyl groupsF V sndeedD the shift of the preEpek positions towrds lrger k vlues onsistently indites smller size of the hydroxyl ggregtesF por the se of IEotnolD the ddition of wter shifts the preEpek to smller kEvluesD gin on(rming tht the wter moleules tend to inrese the size of the hydroxyl hed groups y sitting etween themF he sme trend is eqully seen for the rnhed otnolsD whih is more or less the expeted resultF urning to the preEpek intensityD we note tht they show highly unexE peted ehviourF por IEotnolD the intensity of the preEpek inreses with ddition of wterD while it ppers to derese for the rnhed onesF yn the other hndsD the intensities inrese systemtilly when going from IEotnol to REotnolF his is perfetly onsistent with the interprettion of the intenE sity of the preEpek s the density of the ggregtesF sndeedD if the ggregtes eome smller with rnhingD sine oth the numer of yr groups nd gr groups is extly the sme for ll otnolsD it lerly mens tht the numer of smller yr ggregtes must neessrily inrese with the redution of the hin sizeF sf we reson in terms of ssoiting the preEpek intensity to the density of hydroxyl group ggregtesD independently of their sizesD the se of IEotnol suggests tht the numer of hins inreses with wter dditionF his mens tht the insertion of more nd more wter tends to destilize the hydroxyl hed group hinsD nd these rek in smller onesD with wter repling the hydroxyl groupsF he derese of the mplitude for the rnhed lohols is interpreted s wter llowing more hydroxyl groups to gtherD hene inresing the ggregte sizesD ut deresing their densityF sn other wordsD in the se of the rnhed otnolD wter ts s n ggregte ementD while it ts s n ggregte disruptor for the IEotnolF 4

Microscopic details from computer simulations he most stritforwrd pproh is to nlyse the luster distriutions otined from the omputer simultionsD whih we provide in the next susetionF he nlysis of the tomEtom pir orreltion funtions nd relted struture ftors in seond susetionD help etter understnd wht hppens t tomi levelF here re Q olored prts to fous onD the smll luster sizesD under Q units @olored in ple yellowAD just elow the pekD the pek region itself oloured in ple redAD from R to TEUD nd the til prtD ove U units @oloured in lueAF hen wter is dded to ner sturtionD if we ompre with net otnol luster distriutionsD the smll size lusters generlly inreseD ut spetulrly so for net OO lusters thn mixed OO w onesF he pek is generlly diminishedD ut nerly vnishing for the se of IEotnol OO lustersF gonerning the til prtD there re P distint ehviourX for the mixed OO w lustersD the distriution looks more like tht of net IEotnolD while the OO luster look more like net REotnolF utting ll these results togetherD when wter is ddedD the OO IH lusters re pushed towrds smller sizesD while the mixed OO w lusters tend to e lrgerF por IEotnolD the initil OO lusters hve een repled y OO w lustersF ine the initil OO lusters were rther lrge onesD it mens tht wter hs roken them y inserting into themF his mens tht the totl numer of lusters hs inresed @see OO w nd OO distriutionsAD whih is omptile with the inrese of the preEpek mplitudeF hese interprettions re omptile with wter plying the role of struture reker in the se of IEotnolF sn the se of REotnolD the lrge OO luster size remins more or less the smeD ut the smll luster size hs inresed nd eome more polydisperseD nerly loosing the ler OO luster pekF gonverselyD the numer of lrge OO w lusters hve inresedF glerlyD wter hs ted s struture mker in the se of REotnolF en importnt point to onsider is the ft tht these luster distriutions give only proilities of sizesD nd not the numer of lusters of given sizeF o emphsize the onsequene of thisD we hve show the men sizes of lusters in pigFR in thik vertil linesF sn prtiulrD it n e oserved tht none of these lines oinide with the mximum of luster distriution proilitiesF roweverD they help to support the interprettions on the role of wter in the onsidertions elowF he prinipl informtion they provide is s followsF por IEotnolD the ddition of wter diminishes the men size of the OO lusters while inresing their proilities @the mgent line in the lower pnel is positioned t smller sizes thn the red lineAD ompensted y the inrese of the mixed OO w lusters @the position of the mgent line in the upper pnel is similr to tht of red line in the lower oneAF his is in fvour of the role of wter eing luster reker for OO lustersF por REotnolD the ddition of wter lso dereses the size of OO lustersD inresing their proility @the ple green line is position t slightly smller luster sizes thn the drk green lineAD ut this is ompensted y signi(nt inrese in men size of the mixed OO w lustersF sn this se wter is more of struture mkerF e now exmine the detiled evolution with wter inlusion of the IEotnol luster distriution in pigF S nd tht of REotnol in pigF TF imilr distriuE tions for PEotnol nd QEotnol re provided in the upplementry snformtion doumentD in pigFsEP nd pigFsEQF por eh otnolsD the upper pnel shows the ross wterEotnol oxygen luster distriution s funtion of luster sizeD while the lower left nd right pnels show the otnol oxygen nd wter oxygen luster distriutionsD respetivelyF II pigure SX yxygen tom lusters size distriutions for IEotnol nd for di'erent wter ontentF e (rst fous on the upper pnel of pigFSD nd notie tht these ross wterE otnol oxygen luster distriutionD for ll wter onentrtionsD re nerly idenE til to their respetive pure otnol oxygen distriutions @the lk urves for x W = 0AF he (rst thing to notie is tht ll the distriutions look more or less likeD nd more importntly look like the net IEotnol luster distriutionF his is on(rmtion tht the mixed oxygen lusters re similr to tht of net IEotnol lustersF glerlyD this implies tht the IEotnol oxygen lusters will e redued in numer nd sizeF his extly wht we oserve in the left lower pnelX while lrge OO lusters re in smller numer ompred to tht of pure IEotnolD inluding the lusterEpek regionD the numer of smller OO lusters re inresedD nd in oth ses with monotonous trend in wter onentrtion inreseF he lower right pnel shows wter oxygen lustersD whih strikes y the ft tht there is no luster pekD just like for pure wter RTF his is prtly euse wter forms gloulr lusters insted of hinElike onesD sine it tends to form tetrhedrlly extended spe (lling ptternsD nd lso euse suh lusters re more polydispersedF his nlysis lerly demonstrtes tht wter tends to destroy OO lustersD either y inserting into them nd reking them prtD or y reking them prt into smller onesF e onlude tht wter ts s struture reker in the se of IEotnolD sine it relly reks the originl net IEotnol orderingF st is importnt to note here tht y struture reker we not merely men to sy tht wter inserts itself in otnol oxygen hinsD ut tht it relly mke IP long OO hins unfvourleF pigure TX yxygen tom lusters size distriutions for REytnol nd for di'erent wter ontentF his sitution hnges when rnhed otnol re onernedF sn pigFTD we see from the upper pnel tht the mixed OO w lusters re still more or less similr to tht of pure REotnol OO lusters @shown in lkAF e note tht the mid rnge mixed luster size U`s`II tends to e somewht lrger thn OO lustersF roweverD the lrge OO lusters remin similr to tht of net RE otnolD s n e seen in the lower left pnelF iven though the inrese in smll OO lusters with wter ontent is similr to tht oserved in pigF S for IEotnol @lower left pnelAD it is relly the intermediteGlrge luster distriution whih is strikingly di'erentF his nlysis shows tht wter ts s struture mker for REotnolD in the sense tht it preserves the originl OO luster strutureD nd promotes lrger OO w mixed lustersD trend lso oserved for PEotnol nd QEotnolD s shown in the s doumentF

4.2

Correlation functions analysis sn order to rtionlize nd support most of the interprettions given in the previE ous disussionsD we hve exmined into some detils the vrious pir orreltion funtions g aibj (r) nd orresponding intermoleulr struture ftors

S aibj (k) = δ ij + ρ √ x i x j ˆdr exp(ik • r)[g aibj (r) -1] @QA
where a i nd b j re toms types a nd b elonging the moleulr speies i nd jD respetivelyF his struture ftor di'ers from tht in iqF@PA y the sene of the intrmoleulr orreltion term W aibi (k)F felowD we present omprtive nlysis of struture funtions for IEotnol nd REotnolD mostly in the perspetive to support the dul role of wterF he orresponding dt for PEotnol nd QEotnol n e found in the s doumentF he vrious oxygenEoxygen pir orreltion funtions re shown in pigsF UDWDIID nd the orresponding struture ftors in pigsF VD IHD IPF e fous here on ompring the queous IEotnol mixtures with the queous REotnol mixturesD respetively shown in the right nd left pnels of the (guresF ine the pir orreltions re essentilly governed y the strong hydrogen onding intertionsD the (rst pek is unusully highD thus the logrithmi sle hs een usedF ell these (gures show fetures typil of loholsD with nrrow nd high (rst pekD whih witnesses the strong (rst neighour orreltions due the strong hydrogen inding @represented here y goulom intertionsAD folE lowed y seond nd higher neighours depletion orreltionsD whih witness the hining of the hydroxyl groupsF st is these two mehnisms whih produe respetively positive nd negtive ontriutions to the oxygenEoxygen struture ftorsD whih nel into forming the preEpek fetureF e note in pigsF VD IHD IPD tht the preEpek positions orrespond to tht in the lulted sttering intensities in pigF QF pigF U illustrtes the fetures desried oveD etween two otnol oxyE gensF sn dditionD we see tht dding wter in smll onentrtions leds to smll hnges in the orreltions for oth IEotnol nd REotnolD whih is the generl diminution of orreltionsF ynly the minimum of the depletion well shows mrked hnges round r ≈ 7.5 Å nd r ≈ 6 Å for IEotnol nd REotnolD respetivelyD inditing tht wter plys its most importnt role in this distne rngeD y reduing the depletionF his is in line with the ourrene of smll OO hin lusters eing fvouredD whih ws found to e ommon to oth otnols through the luster nlysisF IR pigure UX ytnol oxygenEoxygen pir orreltion funtion g OO (r) for IEotnol @leftA nd REotnol @rightAD nd for vrious wter mole frtions s shown in the legend pnelsF he pure otnol urves @x w = 0A re presented in lkF xote tht the vertil sle for the g OO (r) is logrithmiF sn order to gther informtion out lrger lustersD we need to exmine the tomEtom struture ftors in pigFVF eginD we note tht there re only little hnges in the generl shpe of these funtions with smll wter dditionF xoE tle fetures re the mrked derese of the preEpek mplitude for REotnolD s ompred to IEotnolD ut lso the lesser dependene of overll fetures with wter inlusion for REotnol thn for IEotnolD whih suggest tht OO lusE ters re not s muh 'eted for REotnol thn for IEotnolD exept for their numersD s suggested y the preEpek mplitude dereseF his is onsistent with the luster nlysis resultsF IS pigure VX ytnol oxygenEoxygen pir struture ftor S OO (k) for IEotnol @leftA nd REotnol @rightAD nd for vrious wter mole frtions s in pigFUF he pure otnol urves @x W = 0A re presented in lkF gonerning the mixed OO W orreltions in pigFWD we note the sme fetures s in pigFUD nmely tht the depletion well is the most 'eted with wter dditionD s the depletion orreltions re deresedF e note however ler shift of the pek positions t r ≈ 15 Å -17 Å for IEotnolD suggesting the existene of lrger mixed lusters with the inrese of wter ontentF his is onsistent with the luster nlysis out lrge mixed lusters eing more prominent thn lrge OO lusters for wet IEotnol while in se of wet RE otnol mixed lusters of verge size inreseF IT pigure WX ytnol oxygen E wterEoxygen pir orreltion funtion g OO W (r) for IEotnol @leftA nd REotnol @rightAF he lines re s in pigF UF he orresponding struture ftors in pigFIH show muh more mrked feE tures tht in the se of OO orreltionsF he IEotnol S OO W (k) struture ftors hve higher preEpek mplitude thn those for REotnolD nd the hnges with wter ontent re more prominentF his is fully onsistent with the senrio suggested y the luster nlysisD tht mixed oxygen luster re more udnt in IEotnol thn in REotnolD nd on(rming the intruder role of wter in IEotnol nd to muh lesser extent in REotnolF pigure IHX ytnol oxygen E wterEoxygen struture ftor S OO W (k) for IE otnol @leftA nd REotnol @rightAF he lines re s in pigF UF he wter oxygen orreltions in pigFII nd pigFIP show very peulir feE IU turesD espeilly when ompred with the orresponding orreltions in pure wter @lk urvesAF he g O W O W (r) lerly suggest the existene of tiny wter droplet lusters of PEQ memersD whih is witnessed y the ft tht the seond nd third neighour orreltions re well ove IF he lrge osilltory fetures represent dropletEdroplet orreltionsD most proly ross lkyl tilsD nd not within the wterEhydroxyl hin lustersF he mrked selfEwter orreltions re lso onsistent with the wter luster nlysis not presenting luster pekF pigure IIX terEoxygen E wterEoxygen pir orreltion funtion g O W O W (r) for IEotnol @leftA nd REotnol @rightAF he lines re s in pigF UD nd the pure wter orreltions re shown in lk urvesF he struture ftors in pigFIP tend to on(rm the ove nlysis for g O W O W (r)F here is mrked preEpek round k≈ 0.4 Å-1 D whih is in line with tht of the otnol preEpek nd xEry preEpekD suggesting tht wter is prt of the hyE droxyl lustersD nd not unexpetedly soF e note lso tht this preEpek tends to eome k = 0 onentrtion )utution pek in the se of REotnolD whih is mrkedly visile for x W = 0.15F his is onsistent with the erlier demixing of REotnol with wter ontentF IV pigure IPX terEoxygen E wterEoxygen struture ftors S O W O W (k) for IE otnol @leftA nd REotnol @rightAF he lines re s in pigF UD exept tht the pure wter orreltions re shown in lk urvesF e note the enormous di'erene etween pure wter orreltions @lk urvesA nd those for very smll wter onentrtionsD suggesting the rdil hnge in mirosopi strutureF he min pek in S O W O W (k) for pure wterD whih is in ft the shoulder pek round k ≈ 2 Å-1 @whih orresponds to wter dimeter σ ≈ 3 ÅAD disppers for the queous otnol mixturesD inditing tht the ulk wter struture does not exist nymoreD nd is repled y wter ggregted struturesF imilr nlysis for PEotnol nd QEotnol n e mde from the (gures in the s doument @pigFsER to pigFsEWAF pinllyD the in)uene of wter in the lkyl til orreltion funtions is shown in the s doumentD in pigFsEIH nd pigFsEIID for the lst ron tom gVF st is found tht these funtions re muh less sensitive to wter inlusionD whih is t (rst understndle sine wter does not sit in the lkyl tom resF roweverD the dependene on wter of IEotnol is quite visile on the struture ftor preEpekD while tht of RE otnol shows noneF his is nother indiret proof of wter 'eting IEotnol more thn it does for the rnhed REotnolF

4.3

Details from snapshots st is instrutive to ompre the ggregte strutures formed y the hydroxyl groups nd wter moleulesF sn pigFIQ we provide suh omprison etween queous IEotnol @leftA nd queous REotnol@rightA for low wter ontent of x w = 0.05D nd in pigFIR for the higher wter ontent x w = 0.15F por the low wter ontentD we oserve mostly the di'erenes in hining of the hydroxyl groupsF por IEotnol the longer hining is quite pprentD while smller hins IW nd nd lso monomers re visile on the right pnel for REotnolF st is eqully seen tht smll wter lusters re prt of lrger otnol lustersD in oth pnelsF pigure IQX gomprison of snpshots for the x w = 0.05 low wter mole frtionD etween IEotnol @leftA nd REotnol @rightAF ynly the hydroxyl groups @oxyE gen in red nd hydrogen in whiteA nd wter @in lueA re shownF npshots re mde with wh RUF sn pigFIRD for x w = 0.15D we see mrked di'erene in lustering etween IEotnol nd REotnolD the ltter eing more lustered nd fewer monomers thn for IEotnol re oservedF his is onsistent with wter inresing the numer of hins in IEotnol @sine ll of the wter is lwys prt of otnol hin lustersAD hene with wter ting s n OO hin reker @there is ler illusion of more wter in the left pnelD even the totl numer of wter moleules is the sme in oth pnelsAF PH pigure IRX gomprison of snpshots for the x w = 0.15 higher wter mole frE tionD etween IEotnol @leftA nd REotnol @rightAF ynly the wter moleules re shown @oxygen in red nd hydrogen in whiteAF npshots re mde with wh RUF 5

Discussion and Conclusion

sn the present workD we hve shown tht omputer simultions n e used to interpret experimentl xEry spetr of queous lohol nEotnol mixtures in the wter poor regionD not only y reproduing the hnges in shpe of the di'rtion intensities with wter onentrtionsD ut dditionlly y providing support to the intuitive interprettions of the preEpek positions nd mplitude displements with wter inlusionF wore importntlyD this study hs highE lighted the dul role plyed y wterD whih depends indiretly on the topology @iFeF rnhingA of the lkyl tilsF st is generlly elieved tht wter hs rEond struture whih is so omplex tht it leds to mny of the nomlies found in net wter RVD ut lso tht the nture of di'erent solutes pertur this omplex strutureD either y destroying or enforing itF uh solutes re lled hotropes nd osmotropesRWF wny interesting e'ets in queous mixtures re often desried or ttriuted in terms of this voulrySHD SID SPD SQD SRF sn the present pperD we show tht wter itself n t s struture mkerGpreserver or rekerD depending on the nture of the order in nonEqueous systemsD herein the nEotnolsF wore importntlyD this dul role depends on the hydrophoi suEmoleulr omponent of the soluteF ine wter demixes from long loholsD it is not surprising tht it would t s struture reker for IEotnolF yn the other hndD the role of wter s struture preserver in the rnhed otnol is intriguingF st is not the (rst exmple of wter ting s struture mkerD sine diret mielle formtion is helped y wter ooperting in the outer oron regionF imilrlyD the role of wter in iologil environE ment is lso elieved to ply struturing roleF he struturl detils provided herein my help etter understnd the role of wterD nd pve the wy for further investigtionsF hile the omputer simultion study of wter rih inry mixtures is plgued with spurious demixing issues in mny ses SSD STD SUD SVD SWD THD in the present study we demonstrte tht this is not the se for wter poor mixturesF yn onE trryD it is pprent tht the study provides results very onsistent with experE imentl sttering intensitiesD inditing tht it is not model issueD s is often formulted when onsidering prolemti wter rih simultions TID TPD SUF st is quite tempting to dedue tht the pprent spurious wter segregtion nd demixing ould e genuine physil e'etD in the very short time @less thn the miroseondA nd smll sizes @ox sizes elow SH nmAF ter my tend to form lrge segregted domins in very short periodD efore reEentering melting of these domins hppens nd led to the (nl equilirium mixtureF his proE lem my not e pereptile t experimentl level @unless expliitly looked forAF prom these remrksD it ould e interesting to look t wter nuletion proE lems in inry mixtures of queous orgni moleules from the wter rih sideF es stted oveD the very good greement oserved etween the experimentl nd lulted xEry sttering intensitiesD nd for very di'erent systemsD tend to indite tht sutle selfEssemly issues in queous poor onditions n e properly studied y model omputer simultionsF 6 Acknowledgements e thnk hive for providing synhrotron rdition t emline fvP nd tehnil supportF wrtin ozr grtefully knowledges funding of the groE tin iene poundtion under the projet noF sEPHIUEHSEIVTQ Dynamics in Micro-segregated System s nd the omputtionl resoures of the server niE hy t the niversity of plitF his work ws supported y the fwfp vi heeh @ygyi PHPIEPHPQD rojetEshX SUSTHSTQA within the qermnEprenh ollortion ygyi @RTTRRuAD Supra-molecular order in complex liquids: 

experiment

  'rtion intensities sed on the moleulr dynmis simuE ltions re presented in pigFQF e simulted otnolEwter mixtures for molr frtions of x = 0.02, 0.05, 0.1, 0.2 for I nd PEotnol nd x = 0.02, 0.05, 0.1, 0.15 for Q nd REotnolF he most notle fts re the positions of the min peks nd preEpeksD s well s oth their mplitudesD whih follow the sme ptterns s those of the experimentl dt in pigFPD exept for pure QEotnol nd to lesser extent pure REotnolF imilrly to the experimentl dtD the min pek does not hnge signi(ntly with ddition of wterF he yv fore (eld gives the methylene CH 2 tom size round σ ≈ 3.75 Å whih orresponds to the min pek positions k (calculated) M P ≈ 1.67 Å-1 D enforing the interprettion of the peks in terms of men sttering ojet sizeF pigure QX Ery sttering intensities of n EotnolEwter mixtures with n a ID PD QD R s lulted from omputer simultionsF
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