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correlations and negative for the cross species ones. The scattering prepeak depends on how these two contributions cancel or not. The way the amine group bond with water, produce a pre-peak through the inbalance of the positive and negative scattering contributions, unlike 1propanol and DMSO, where these 2 contributions compensate exactly. Hence molecular simulations demonstrate how chemical details inuence the microscopic segregation in dierent types of molecular emulsions and can be detected or not by scattering experiments hen rditionD whether it is visile lightD Erys or neutronsD is sttered o' liquidD it revels the presene of the mirosopi onstituents through their density orreltions mn@IWPQAD ferne nd eor@PHHHAF hese orrelE tions re the result of the wy these mirosopi onstituents intert rins@IWPWAF uh onstituents n e toms or moleulesD ut lso mesosopi ojets suh s mielles nd monolyersD for exmpleF por monoEtomi liquidsD the sttered intensity I(k) is produt of form ftor F (k) desriing the shpe of the prE tileD nd the struture ftor S(k) desriing the orreltion etween suh prE tilesX I(k) = F (k)S(k) pisher et al.@PHHTApisherD frnesD nd lmonF sn this frequeny representtionD the min pek in I(k) positioned t k M = 2π/σ llows to relte the men size σ of the prtiles to the prtile orreltion pek in S(k)F his simple formul lso holds more omplex systemsD suh s miellesF he reson is tht mielles look just like mesoEtoms )oting in strutureless solventD s usully explined in vrious textooksF sn this seD the form ftor F (k) refers to the mielle shpeD nd S(k) to mielleEmielle orreltionsF ine mielles re omposite ojetsD with n underlying tomi suEstrutureD the orresponding I(k) will exhiit P sttering peksD min pek k M positioned t the men tomi sizeD nd preEpek t k P < k M D relted to the mielle shpe nd size euner nd trey@IWVUAD ghevlier nd em@IWWHAF reEpeks re eqully found in net loholsD s I(k) revelsD in ddition to min pek t k M D their existene t k P ≈ 0.4 -0.7Å -1 xrten nd renshuss@IWVRAD rkr nd torder@IWWRAD omsi et al.@PHHUAomsiD tmnikD pritzEopovskiD qltterD nd lekF he origin of suh preEpek hs een tred k to the existene of short hinE like lustering of the hydroxyl hed groupsD with men size d ≈ 10ÅF hese exE perimentl results hve een on(rmed y omputer simultionD oth from snpE shot nd luster nlysis nd study of the tomEtom orreltion funtions nd orresponding struture ftor fkó et al.@PHHHAfkóD tedlovszkyD nd álinkásD orni¢ et al.@PHHUAorni¢D okoli¢D nd ererD fellissim et al.@PHITAfellissimD he n(lisD f(leD gunsolo hese nlyses lerly demonstrte tht the preEpek k P is relted to oth the size of the hins formed in the net liquids nd their densityF sf one pplies the sme type of nlysis to spheril miellr systemsD for exmpleD whih re mde of surftnt moleules immersed in solution mde of solventD ions nd ounE terionsD the existene of sttering pek round k P ≈ 0.06Å -1 is ommonly interpreted in terms of spheril mielles of men distne or size prmeter d ≈ 100Åeuner nd trey@IWVUAD ghevlier nd em@IWWHAF foth these inE terprettions preserve the initil ide tht pek in I(k) is relted to some speE i( geometril struture in the omplex liquidD suh s hins nd spheresF eE ently investigted room temperture ioni liquids @svA lso hve sttering P preEpek ennpureddy et al.@PHIHAennpureddyD ushypD he fiseD nd wrgulisD ushyp et al.@PHIPAushypD ntosD ennpureddyD wurthyD wrgulisD nd gstnerD riolo et al.@PHHUArioloD ussinD fleifD nd hi golD ng nd oth@PHHSAF snE deedD these liquids re mde of omplex ionsD whih ontin oth hrged nd neutrl tomi groupsD nd the former tend to selfEssoiteD thus reting mesosopi seprtion etween hrged nd neutrl dominsD nd it is this ptE tern whih is deteted y the rdition stteringF hereforeD it would pper tht the sole existene of some miroEstruture in mixtureD is su0ient for sttering preEpekD nd this miroEstruture does not need to refer to ny speE i( geometry in the selfEssemled ojetsF roweverD h9errigo et lF hve proE vided n exquisitely detiled investigtion of queous inry mixtures of vrious shortEhin lohol moleulesD suh s diols nd triolsD some showing preEpek nd others not h9errigo et al.@PHHQAh9errigoD qiordnoD nd eixeirD h9errigo et al.@PHHWAh9errigoD qiordn h9errigo et al.@PHHHAh9errigoD qiordnoD nd eixeirF his study does not suggest ny systemti pttern etween the pperne of suh preEpek nd the solute shpe or tomi omplexityF sn this ontextD it seems neessry to exmine the detils of the tomi ontriutions to the sttering intensityD nd the simple reltion I(k) = F (k)S(k) is to e repled y the very generl heE ye formul for I(k) @see elowAF sn the present mnusriptD we report the (nding of sttering preEpek in queous IEpropylmine mixturesD oth from smll ngle Ery @eA nd neutron @exA stteringD whih ppers t propylmine mole frtions ove x ≥ 0.1 t out k P ≈ 0.2Å -1 D nd perE sists ll the wy to x = 1 into the net soluteD t out k P ≈ 0.7Å -1 F his preEpek is unexpetedD priniplly in view of the ft tht queous mixtures of similr moleuleD nmely IEpropnolD do not show ny sttering preEpek kmuku et al.@PHHRAkmukuD wruymD tneD nd mguhiF ine IEpropnol nd IEpropylmine di'er only y the hydroxyl nd mine groupsD it is interesting to investigte this system in order to understnd the ext origin of the sttering preEpekD prtiulrly in terms of ny underlying miroEstrutureF hrough the use of omputer simultionsD we ompute ll the tomEtom orE reltions nd reuild I(k)D hene llowing to understnd the generl origin of preEpek in terms of the tomi detils of the moleulr struture of the onE stituentsF he study helps lrify how individul tomEtom struture ftorsD whih re the true re)etors of the underlying miroEstrutureD ontriute to the totl sttering intensityD nd help or not revel the hidden omplexity of the moleulr orgnistionF 1 Methodology

1.1

The Debye expression he rdition sttering intensity I(k) from smple of volume V n expressed through the heye formul heye@IWSRAX

I(k) = 1 V < i,j f i (k)f j (k) exp (ik.(r i -r j )) > @IA Q
where the funtions f i (k) re the tomi form ftor for tom i nd depend on the type of rdition whih is stteredD nd the sum runs over ll pirs of sttering toms iDjD whih re t respetive sptil positions r i nd r j F he symol `FFFb designtes n verge over ll possile positions of these tomsD whih ould e either therml verge in the se of experimentsD or sttistil ensemle verge in the se of theory nd simultionsF king into ount the ft tht toms re prts of moleulr speiesD nd introduing symols i, j to designte the moleulr speies indexD nd a i , b j to designte the toms of types nd in respetive moleules nd using the de(nition of the tomEtom totl struture ftor X

ρ √ x i x j S (T ) aibj (k) = 1 V < ma i m b j exp ik.(r ma i -r m b j ) > @PA
where the sum runs over ll toms of type a i , b j D nd x i = N i /N is the mole frtion of moleulr speies iD one ould st the eqution ove into the (nl expression whih will e used herein

I(k) = ρ ij √ x i x j aibj f ai (k)f bj (k)S (T ) aibj (k) @QA
where ρ = N/V is the numer density @N is the numer of prtiles in the volE ume V AF st is importnt to understnd tht the totl struture ftor ppering in these expression ontins the intrmoleulr tomEtom ontriutionsD s well s those intermoleulrD hene the supersript @A for totlF sn the se of toms rigidly ound inside moleuleD the intrmoleulr prt is simply the fessel funtion j 0 (kd aiaj ) = sin(kd aiaj )/kd aiaj D where d aiaj = |r ai -r aj | is the distne etween P toms sites a i nd a j elonging to the sme moleule of speies aF he tomEtom struture ftor S aibj (k) is relted to interEmoleulr pir orreltion funtion g aibj (r) y the formul rnsen nd whonld@PHHTAX S aibj (k) = δ ab + ρ √ x i x j ˆdr g aibj (r) -1 exp(ik.r) @RA while the totl struture ftor is de(ned sX

S (T ) aibj (k) = w aibj (k) + ρ √ x i x j ˆdr g aibj (r) -1 exp(ik.r) @SA
where w aibj (k) = j 0 (kd aibj ) is the intrEmoleulr orreltion termD nd the uroneker δ ab serves to disriminte unlikeEspeies ontriutionsF sn this workD the tomEtom struture ftors S aibj (k) re omputed y the pourier trnsform of the tomEtom orreltion funtion g aibj (r) otined from the omputer simE ultionsD nd through the use of iqsF@QDSA re relted to I(k)D whih is then ompred with the experimentl dt otined from Ery nd neutron stterE ingF es in erer@PHIUAD we would like to emphsize tht sttering expressions negleting the intrEmoleulr ontriutionsD suh s in the often ited ingsE ser pper ings nd ser@IWTVAD n led to severe underestimtions of R the smllEk fetures of I(k)F hile it is ustomry to msk this disrepny y plotting kS(k) versus kD suh triks do not relly help spotting di'erenes resulting from the suprEstruture etween the lulted nd the experimentl I(k)D whih re prtiulrly sensitive t smllEk vluesF 1.2 Experimental and computational details ex experiments hve een rried out t the uwy time of )ight neutron spetrometerD operting t the sfEP pulsed retor uuklin et al.@PHIIAuuklinD oloviovD oghevD troinD u F wixtures of IEpropylmine @igmEeldrihD WW7 purityA with h 2 y hve een mesured t PS o g in qurtz ellsD the sttering dt orreted for trnsmissionD sttering of the empty ell nd the inoherent kgroundD nd onverted to solute sle y ompring with sttering from vndiumD uilt in the instruE mentF he inoherent kground ws sutrted y mesuring r 2 y G h 2 y mixtures with the sme numer density of r toms s the studied propylmine solutionsF e mesurements hve een performed on epe instrument of urtky system @enton rD eustriAD onneted to onventionl Ery genE ertor @eifertD RHkD SH meD gu u α AF wixtures of propylmine with r 2 y hve een mesured t PS o g in stndrd qurtz pillry of I mm outer diE meter nd HFHImm wll thikness nd the sttering ws reorded y imE ge plte in QH min exposition timesF he mesured intensities were orE reted for trnsmissionD polristion nd the ontriution of the empty pilE lryD nd the dt rought to solute sle y ompring to sttering of wter yrther et al.@PHHHAyrtherD fergmnnD nd qltterF he dt hve not een orreted for the instrumentl smeringomsi et al.@PHHUAomsiD tmnikD pritzEopovskiD qltterD nd he propylmine mole frtion rnge ws HFHQEHFQH for exD nd HFH E IFH for e mesurementsF he omputer simultion dt used in this work hs een previously reported y some of us ozr nd erer@PHIUAD nd we rie)y give some detilsF ell simultions were performed with the progrm pkge qroms ronk et al.@PHIQAronkD állD hulzD vrssonD with the fore(eld qromosSQT yostenrink et al.@PHHRAyostenrinkD illD wrkD nd vn qunsteren for propylmine nd the gGe ferendsen et al.@IWVUAferendsenD qrigerD nd trtsm wterF sn order to properly desrie the mirostruture of the mixturesD numE er of moleules of N = 2048 ws found su0ient ove SH7 propylmineD while N = 16000 ws found neessry for smller propylmine onentrtionsF he ox of net propylmine ontined PHRV prtilesD orresponding to the ox length of TRFU ÅF es for the propylmineEwter mixtureD system sizes of oth x a PHRV nd x a ITHHH were onsideredD yielding n verge ox size of SRFT Å nd IHVFR ÅD respetivelyF hese ox sizes ensure tht the smllE est kEvetor vlueD for whih our lulted struture ftors re relileD is out HFIÅ -1 F he systems were simulted in the isoriEisotherml @onstnt xpA ensemleD t the temperture of a QHHu nd pressure p a I rD with the xoseEroover thermosttxosé@IWVRAD roover@IWVSA nd rrinelloEhmn rosttrrinello nd hmn@IWVIAF efter energy minimiztionD the sysE tems were equilirted in the x nd then xp ensemleD for totl of I S nsF he following prodution runs lsted R nsD in order to smple t lest PHHH on(gurtions for lulting siteEsite orreltion funtions g aibj (r)D where a i D b j represent ny two tomi sites on the moleules nd iD j orrespond to the speies indexF st seems importnt to lrify the prolems of units for vrious types of I(k)F ine the form ftors hve units of distne D I(k) in iqF@QA hs the dimension of n inverse lengthD nd is usully expressed in m -1 F sn the se of Ery stteringD if one uses the form ftors from rystllogrphi tlesD these re expressed in units of eletron rdius @r e ≈ 2.8179fm AD hene we use the preftor r 2 e ρ = r 2 e (N/L 3 ) where x is the numer of moleules in simultion ox of size L B F sn the se of neutron stteringD the form ftors re the sttering lengthsD eqully expressed in femtometersD hene the preftor is just (1fm) 2 (N/L 3 )F ell lenghts re expressed in m in order to otin I(k) in m -1 F 2 Results

2.1

Radiation Scattered intensities pigFI shows the smll ngle Ery sttered @eA intensities @in m -1 A from experiments nd simultionsD nd for the vrious propylmine mole frtionsD inluding net wter nd propylmineF he (rst striking feture to e oserved is the pperne of sttering preEpek in the overll kErnge 0.2 -0.7Å -1 F he experiments show tht the preEpek ppers for x ≥ 0.1D strting t k ≈ 0.PÅ -1 D nd moving to higher kE vlues s x inresesF he preEpek mplitude hs nonEtrivil ehviourD (rst inresing until x ≈ 0.2D then deresingF he simultion dt shows extly the sme trendsD oth in pek positions nd mplitudeF fut we see tht the preEpek exists even for the pure propylmine t k ≈ 0.7Å -1 D predited from oth experimentl nd simulted I(k)F prom this informtionD it is tempting to ssoite the sttering preEpek in the mixture to remnnt of this net propylmine preEpekF e will see elow tht this is not the seD nd tht it lso explins the nonEmonotoni evhiour of the preEpek mplitude with xF sn ny seD sine this preEpek is olletive orreltion e'etD it is quite remrkE le tht the model sed simultion I(k) should reprodue ll the fetures of the rel mixture spetrF gonerning the min pekD whih overs wider rnge k w ≈ 1.5-2.5Å -1 D we oserve tht the hrteristi pekEshoulder struture of the net wter

I(k)D t k ≈ 2Å -1 nd k ≈ 3Å -1 D
respetivelyD progressively hnges into single min pek feture s the onentrtion of propylmine is inresedD s oserved in oth the experimentl nd lulted spetrF his vrition orresponds to onsistently going from wter moleule size σ ≈ 3Å to propylmine verge tomi onstituent size σ e' ≈ 4ÅD through the use of the expression k ≈ 2π/σF e oserve tht the min pek positions re exellently reprodued y the simE ultion spetrF snterestinglyD if we interpret the well known doule pek struE ture of the Ery spetr of pure wterrur et al.@PHHHArurD orensonD qleserD nd redEqordonD T pigure IX Ery nd neutron sttering intensities for queous IEpropylmine mixtures with vrious propylmine mole frtionsD oth from experiments nd omputer simultions s otined from iqF@QAF ropylmine mole frtions re displyed in eh grphD with olor odes ssoited to their respetive plotted urvesF s orresponding to the wterEwter ontt t k σ W ≈ 2Å -1 @σ W ≈ 3ÅA nd the hydrogen onding distne t k HB ≈ 3Å -1 @r HB ≈ 2ÅAD respetivelyD then the dul struture is seen to persist until x ≈ 0.2D inditing the onentrtions rnge where the tetrhedrl wter hydrogen onding holdsF he oserved di'erE enes in the min pek mplitudes etween the experimentl nd the lulted intensities re diret onsequene of the united tom representtion of the methylGmethylene groups of propylmineerer@PHIUAF he model lultion leds to n overestimtion of the ron tom ontriutionsD priniplly for the high propylmine mole frtionsF hile mny previous investigtions for severl types of mixtures indite tht the greement etween simultion nd wide ngle sttering is generlly exellent ekiym et al.@PHHRAekiymD ygwD kseD kmukuD mguhiD nd yh qliiEendrés et al.@PHISAqliiEendrésD usztiD emleitnerD nd izioD it is not ovious tht this greement should persist in the preEpek regionF sndeedD most relisti fore (eld models pture well orreltions t onttD whih exE plins the lrgeEk greementF roweverD the preEpek region orresponds to the metEmoleulr ggregtes desriptionD nd it is not ovious tht the simulE tions ould well desrie these feturesF he present results indite tht the mirosopi detils of the underlying miroEsegregtion re indeed well ptured y model simultionD t lest for this prtiulr mixtureF U pigFI eqully shows the smll ngle neutron sttered @exA intensities from experiments nd simultionsF yne ginD there re striking similrities etween the experimentl nd lulted spetrD nd the vrious preEpek feE tures re lso onsistent with e resultsF sn prtiulrD preEpek positions re the smeF gonerning the min pek positions t k M ≈ 1.14 -2Å -1 D we n lso note similrities etween the two sets of dt from simultionsF o lose this setionD we would like to point out tht the very smllEk eE hviour of the lulted I(k) re not very urteD nd should not e tken into ountF his is typilly in the rnge 0 ≤ k ≤ 4π/L B D where L B is the simultion ox sizeF por the present simultionsD this orresponds to n upper limit k B ≤ 0.1Å -1 D nd vlues elow this rnge should not e onsidered s urteF 2.2 Snapshots ine our simultions leds to qulittive greement with the experimentl I(k)D we expet tht tht they lso represent the proper mirosopi strutureF hereE foreD in order to understnd the vrious origins for the preEpeksD or their E seneD we show in pigFP typil snpshots of the wterEpropylmine mixturesD for four hrteristi propylmine onentrtions of S7 in pnel@AD PH7 in pnel @AD SH7 in pnels @A nd @dAD nd VH7 in pnels @eA nd @fAF por SH7 nd VH7D the propylmine nd wter re shown seprtely in the upper nd lower pnelsD respetivelyF hrough these snpshotsD one might expet to oserve diret link etween the miroEstruture nd the orresponding preEpek struture in

I(k)F
pigure PX npshots of queous propylmine mixtures for vrious propylmine mole frtions x displyed ner eh pnelsF @A xaHFHS @for ITHHH moleulesAY @A xaHFP @for ITHHH moleulesAY @A nd @dA for xaHFS @PHRV moleulesAY @eA nd @fA for xaHFV @PHRV moleulesAF por these P ltter onentrtionD upper pnels @A nd @eA highlight the mine groups D while lower pnels @dA nd @fA highlight the wter moleulesF ymitted tomi groups re shown s semiEtrnsprentF sn ll snpshots nitrogen toms re in lueD oxygen in red nd hydrogen in whiteF V pigFP nd P indite tht wter nd propylmine form segregted dominsD muh like wht hs een reported in severl of our erlier ppersD for queous monoEols erer et al.@PHIIAererD orni¢D okoli¢D nd wzighi nd other mixtures ozr et al.@PHISAozrD eguierD querheD wzighiD orni¢D wijkovi¢D uezi¢Evovrinevi¢D okoli¢D ozr et al.@PHITAozrD vovrinevi¢D orni¢D rimorD okoli¢D nd ererF por higher propylmine onentrtionsD we hve previously reported tht wter tends to form hinElike ggregtes ozr nd erer@PHIUAF sn order to show this more spei(llyD we hve expliitly shown seprtely wter moleules @lower prtsA nd propylmine nitrogen groups @upper prtsA for the ses of SH7 nd VH7F yne sees very lerly wter hinsD nd less lerly the nitrogen dimers or trimer short hinsF hese snpshots would suggest tht the preEpek oserved for x > 0.1 ould originte from wter hin lustersD muh like in net lohols fkó et al.@PHHHAfkóD tedlovszkyD nd álinkásD orni¢ et al.@PHHUAorni¢D okoli¢D nd ererD ut lso in net propylmine ozr nd erer@PHIUAF fut this onlusion does not pply to the PH7 seD where it is lerly seen tht wter forms gloulr dominsF roweverD lose investigtion of suh domins revels tht it is mde of wter hins juxtposed to eh othersF his is entirely lost in pigFP for xaHFHSF elthough it might e tempting to ssoite hinElike wter domins to the preEpekD we will see elow in etion QFR thtD while wterEhwy mixE tures eqully show wterEhins erer nd wzighi@PHISAD there is no orreE sponding preEpek in the sttered intensity erer nd vovrinevi¢@PHIVAF st is therefore neessry to further investigte the orreltions ssoited to the miroEstrutureD nmely the tomEtom struture ftorsF 2.3 Structure factors ineD s fr s the simultion re onernedD it is the sme struture ftors whih pper in the expression iqF@QAD whih di'ers only y the tomi form ftors in e nd ex stteringD it is instrutive to tre k the di'erE enes in the upper nd lower pnels of pigFID to fetures ommon to oth of themF o this endD we ompre the vrious ontriutions of the underlying tomE tom struture ftors S aibj (k) = δ ij + ρ √ x i x j haibj (k) for the net propylmine in pigFQD together with sled version of the e intensityF yne n see how the vrious individul tomEtom struture ftors ontriute to the preEpek nd the min pekD nd how they get sled down y the tomi form ftors in iqF@QAF e note tht ll struture ftors give only positive ontriutionsF sn pigFQD we ompre the ontriutions of seleted tomEtom struture ftors for the PH7 queous mixtureD together with the orresponding I X (k)D sled to mth the vertil sleF his time roundD we lerly see tht most like speies tomi ontriutions give positive preEpekD while the ross ontriutions give exlusively inverse negtive preEpeksF ell these ontriutions do not neessrily oinide t the sme kEvetorD ut they re ll out k ≈ 0.PÅ -1 F e lso notie very lerly tht it is the wter struture ftors whih ontriute mostly to the positive preEpekF his ltter (nding is in strk vrine with the suggestion tht net propylmine @from pigFQA nd the PH7 mixture would shre the sme W pigure QX @A etomEtom struture ftors S aiaj (k) for net propylmine from omputer simultionsF vike tom struture ftors re shown in full lines with following olor odesX nitrogen in lueD hydrogen in redD (rst methyl group ner the mine hed in ynD seond methyl in ornge nd lst terminl methyl in greenF ell ross orreltions re shown in dshes of the respetive tom olorsF he lk urve is the totl Ery I(k) sled y ftor PSHF @A eleted tomE tom struture ftors for the wterEpropylmine mixture for xaHFPF goloring method s in @AD with wter oxygen in lueD nitrogen in green nd seond methyl in orngeF ell respetive ross orreltions in dshed lines with the respetive tom olorsF he totl Ery I(k) shown in lkD sled y ftor PHF propylmine struturl feturesF sn turnD this remrk led us to question the initil mirosopi mehnismsD EiFeE the formtion of short propylmine hinsD tht one would hve in mind from the sole nlysis of pigFQF sn order to investigte this mtter further hedD we show in pigFR for e nd pigFR for exD the vrious prtil ontriutions of the speiesEspeies ontriution to I(k)F o this endD we rewrite iqF@QA with ovious nottions sX

I(k) = I ww (k) + I pp (k) + I wp (k) @TA
nd in pigsFRE we show the Q ontriutionsD I ww (k) for wter in lueD I pp (k) for propylmine in mgentD nd the wterEpropylmine ross term I wp (k) in greenD together with the totl intensity I(k) in lkF sn dditionD we show in dshed drk green the negtive sum -I ww (k) -I pp (k) of the like speies ontriutionsD with the ide in mind to see how these ompenste the ross ontriution I wp (k)F e plot these ontriutions for R typil propylmine onentrtions of S7D PH7D SH7 nd VH7F ynly the preEpek kErnge is highlightedF sn eh of these sesD we oserve tht the like speies ontriution is lwys positiveD while the ross one is lwys negtiveF gompring the light nd dshed drk green urvesD we see tht the like speiesGross speies ompenstion is inomplete for x > 0.PD ner omplete for x = 0.2 nd extly ompensted for x = 0.05F his hppens oth for e in pigFR nd ex in pigFRD leit with di'erent mgnitudesF hese plots help understnd the origin of the preEpek in the (nl sttered intensitiesX it is the inomplete nelltion of like speies nd ross IH pigure RX rtil speiesEspeies ontriutions to Ery I(k) lulted from omputer simultionsD s de(ned in iqF@TA @see textAD for vrious propylmine onentrtions x indited in the pnelsF @A for Ery sttering nd @A for neutron stteringF I ww (k) shown in lueD I pp (k) in mgent nd I wp (k) in greenF hshed line re explined in the textF speies ontriutionsF roweverD this informtion y itself does not help muh to understnd the physil origin of the preEpekD spei(lly in terms of the underlying miroEstrutureF he only ommon struturl feture we hve found so frD is the wter hin luster ptternD tht one ould eventully ssoite to the preEpekF o on(rmD or in(rm if this is trueD we now ompre with other queous mixtures we hve investigted in previous worksF

2.4

Other aqueous mixtures sn reent worksD some of us hve investigted queous IEpropnol erer@PHIUA nd queous hwy mixtures erer nd wzighi@PHISAD erer nd vovrinevi¢@PHIVAF IEpropnol is hemilly more similr to propylmine thn hwyD hving the sme lkyl prt with hydroxyl yr hed insted of n mine xr 2 hedF roweverD our previous investigtion of queous IEpropnol reveled very lrge miroEsegregtionD with very lrge domin orreltion preEpeksD positive for like speies tom orreltions nd negtive for ross speies orreltionsD ut whih tend to nel extly to led to totl sene of sttering preEpek in the Ery nd neutron sttering I(k)D nd onsistent with experimentl dt ryshi et al.@IWWHAryshiD xishikwD nd sijimD elmásy et al.@PHHPAelmásyD tnsóD nd gserF e nmed this phenomen domin ordering orreltionD y nlogy with hrge ordering erer@PHIUAF yn the other hndD our omputer simultion of queous hwy mixtures reveled preEpeks in wterEwter struture ftorsD whih we ould ttriute to the existene of hinElike wter ggregtes erer nd wzighi@PHISAF uh wter ggregtion ppers euse of the strong wterEhwy piringD deE teted y mny previous studies with vrious methodologiesD whih leve wter moleules unle to mintin their usul tetrhedrl orderingD hene enforE ing hin orderingF roweverD this hin ordering ws found not to led to ny sttering preEpekD onsistently with Ery dtD nd even ner exelE lent greement etween the omputed nd mesured sttering intensities I(k) II erer nd vovrinevi¢@PHIVAD qliiEendrés et al.@PHISAqliiEendrésD usztiD emleitnerD nd izioF pigure SX rtil speiesEspeies ontriutions to I(k) lulted from omputer simultions for Ery stteringD @A for the equimolr queous hwy mixture nd @Afor QH7 wter IEpropnol mixture foth results re illustrted in pigFSD where we show the vrious ontriutions of the sttering intensities of the SH7 queous hwy mixture in pnel @A nd QH7 queous IEpropnol in pnel @AD in wy similr to tht shown in pigFRF he intensities re shown in solute @or eletronA units @I(k)/ρAD s in efsF rur et al.@PHHHArurD orensonD qleserD nd redEqordonD erer nd vovrinevi¢@PHIVAD uog et al.@PHHIAuogD ushrD oshinoD nd xishikwF he (nl stterE ing shows no preEpek in oth sesD despite the existene of ler positive nd negtive preEpeks in like nd ross orreltionsF his result is very stonishingD minly in view of the ft tht hin lusters of the hydroxyl groups led to sttering preEpek in net lohols nd net propylmineF his disrepny is not urrently understood nd we propose n interprettion in the next setionF he results of the present pper on queous propylmine re onsistent with oth queous lohols nd queous hwy mixturesD while t the sme time produing some results di0ult to interpretF sndeedD we (nd tht no stterE ing preEpek is found in the domin ordering low propylmine onentrtion regionD whih is lso onsistent with queous IEpropnol resultsF et the sme timeD for propylmine onentrtions higher thn x = 0.1D we (nd wter hin orderingD ut with sttering preEpekD whih is not onsistent with wht is found in queous hwy mixturesD nd whih lso show wter hinsF sn view of the ontrditory results found in net loholsD queous hwy nd queous propylmineD it is quite tempting not to relte the sttering preEpek to some underlying wter hin orderingF 3 Discussion he hllenge posed y the present workD is to understnd the ext origin of the unexpeted sttering preEpekD seen oth in e nd ex s well s in the orresponding simulted spetrF e hve onviningly shown tht this IP preEpek ould not e unmiguously ssoited to the wter hin formtion witnessed in queous propylmine mixturesD despite the oinidentl pperE ne of this preEpek with the hin formtion for x > 0.1F es mentioned in the sntrodutionD in sttering experimentsD it is ustomry to ssoite preE peks with some underlying suprEmoleulr strutureF fut our previous studies hve lso demonstrted thtD while suprEmoleulr struture indeed produes preEpek in the tomEtom struture ftorsD these preEpeks ome in vriE ous shpesD positive ones nd inverted negtive onesD ssoited with di'erent types of orreltionsD nd tht their (nl ontriution to the sttering intenE sity n e extly nelledD leding to no preEpekF sn other wordsD s oE served in queous IEpropnol erer@PHIUA nd more reently in queous tertutnol uur nd ushyp@PHIUAD the sene of sttering preEpek in I(k) kmuku et al.@PHHRAkmukuD wruymD tneD nd mguhiD swski nd pujiym@IWUUAD xishikw et al.@IWVUAxishikwD uoderD nd sijim does not neessrily imE ply the sene of miroEheterogeneity nd ssoited struture ftor preEpeks in the S aibj (k)F gonverselyD some types of miroEstrutureD suh s hin gE gregtesD sometimes produe preEpekD s in net loholsD nd sometimes notD s in queous hwyF hese di'erenes re ertinly due to the di'erenes etween the vrious types of solutesD whih we try to rtionlise nowF hen ompring pigFR to pigFSD one striking feture is tht the wterEwter lue urve is elow the soluteEsolute mgent urve for the se of no preE pek senrio @pigFSAD wheres the ordering is reversed in pigFS for the ses where preEpek is foundF e follow here the ssumption tht it is this inE version whih is the key to explin the origin of the sttering preEpekD nd we propose moleulr piture for itF he elements provided y the simE ultions re tht wter forms hins in queous IEpropylmine nd hwyD while they form lrge gloulr domins in queous IEpropnolF ine oth IEpropnol nd IEpropylmine hve similr numer of methyl groupsD we deE due tht the mine group llows etter wter hydrogen onding thn the hydroxyl group doesD whih in turn llows wter to segregte muh less in this ltter mixtureD y forming short hins insted of gloulr dominsF his should explin why the wterEwter sttering ontriution shows this spei( inversion in these P mixturesD in the following wyF hen oth speies re fully miroEseprtedD then the speiesEspeies sttering ontriutions omE penste extlyD wheres when the miroEseprtion is inompleteD the speies tht segregtes the most @here wter forming hinsA ontriutes exedentlyF es to hwyD whih is known to e rther hydrophili moleuleD the domiE nnt solute ontriution to the sttering is priniplly due to the lrge form ftor of the sulfur tomF sndeedD the Ery form ftors re qussinElike funtionsrine et al.@PHHTArineD puessD rhnD ondrtshekD wüllerD hmueliD euthierD uopskyD vitvinD q whih strt t the tomi numer t k = 0 D nd this numer is IT for the sulE fur tomD wheres it is V for oxygenD U for nitrogen nd T for ronF st is this dominne whih explins why the soluteEsolute ontriution to the stE tering is ove tht of wterF st is interesting to onfront these explntions to the usul riteri for moleulr hydrophoiity nd hydrophiliityF eordE inglyD one would selet oth IEpropnol nd IEpropylmine s rther hydrophoE IQ i moleules @euse of the dominne of the methyl groupsAD while hwy would e hydrophilivuzr nd ghndler@IWWQAD uirhner nd eiher@PHHPAF roweverD these riteri lone nnot explin the inversion of the sttering urves nd the existene or not of sttering preEpekF sn dditionD we note tht hydrophiliity does not imply the trditionl wterEsolute dimer pitureD widely populrised in the se of queousEhwy vuzr nd ghndler@IWWQAD uirhner nd eiher@PHHPAD sine we (nd tht wter forms hins oth in queE ous hwy nd queous IEpropylmineF sn order to highlight the spei( eE hviour of wter in the se of queous IEpropylmineD whih nnot e exE plined neither y hydrophooity nor y hydrophiliityD we introdue the onE ept of wter 4mingling4 for this type of mixtureF IEpropylmine hs two hydroE gens tthed to the nitrogen tomD thus leding to more possiilities to wter to ind to this moleuleF e rgue here tht it is this mingling of wter into the mine hed group whih leds oth to the wter hin formtion nd the dominnt wterEwter sttering ontriution in I(k)D hene leding to inomE plete nelltion of like nd unlike speies domin orreltions in fvour of the like orreltionD nd hene the preEpekF his rgument is further supported y the ft thtD ertin mount of propylmine is required for the inomplete nelltion to hppenD in other words for the wterEmine mingling to ourD whih is seen to hppen from x > 0.1 oth in the rel nd simulted systemsF pigure TX sllustrtion of wter mingling through omprison of hydrogen onding sites for the se of wter IEpropylmine PH7 @A nd SH7 @A with wter IEpropnol PH7 @A nd SH7 @dAD respetivelyF g ywyw (r) shown in lueD g ywx (r) nd g ywy (r) shown in mgentD g xx (r) nd g yy (r) in greenF sn order to illustrte the onept of wter mingling with the soluteD we show in pigFT seleted tomEtom orreltion funtion etween hydrogen onding IR tomsD nmely wter oxygen y w D propylmine nitrogen x nd IEpropnol oxyE gen yF he resulting pir orreltion funtions re ompred for the PH7 solute mixtures in pnel @A nd @AD nd for the SH7 mixtures in pnel @A nd @dAF ell R pnels show tht the wter oxygenEoxygen orreltions g OwOw (r) re ove ID inditing tht wter tends to selfEsegregte in the distne rnge shown of out Inm or soF his selfEsegregtion is more pronouned for the wter IEpropnol @pnels @A nd @dAA thn for wter propylmine mixturesF gonverselyD the omprison of the green urves show tht the solute hydrogen onding sites re more orrelted t ontt for the lohol @@A nd @dAA thn for the mine @@A nd @AAF his lerly illustrtes tht the lohol hydroxyl groups tend to form hinElike lustersD indiretly proving tht they form seprted poketsF sndeedD s illustrted in our previous studiesD net lohols tends to form etter de(ned hins thn net propylmine orni¢ et al.@PHHUAorni¢D okoli¢D nd ererD erer et al.@PHHUAererD okoli¢D nd orni¢F fut the most interesting feE tures re seen in the ross orreltions @in mgentAF he wter oxygen nd propylmine nitrogen sites re lerly more orrelted thn for the wter nd lohol oxygen sitesD nd this for the entire rnge shownF his is the de(nitive proof tht wter mingles more with the mine nitrogen thn for the lohol oxygenF sn dditionD this mingling hppens while wter tends to form segreE gted pokets in oth mixtures nd for ll onentrtions for whih preEpek is seenF snterestinglyD the wterEsolute (rst pek is slightly higher for the wter lohol mixtures thn the orresponding wter propylmine mixtureF his is n indiret proof of the nture of the interfe etween the P omponentsX it is more shrp for the wter lohol thn for the wter mine mixturesF hese notions ssoited to n interfe re to e onsidered with utionD sine interfe hs proper mening only for mesosopi systemD whih is not the se hereF xeverthelessD it helps to hrterise di'erenes in the the looseness of the segregtion etween di'erent types of mixturesD hene justify the wording wter mingling tht we introdue hereF his explntion n e exported to other systems s wellF por exmpleD in net loholsD there no ross speies orreltionsD nd thus there is no preEpek ompenstion mehnismF e very similr explntion holds lso for svD sine the unhrged groups re tthed to hrged onesD the negtive domin ontriutions re diminishedF he extension of this piture to miellr systems is more involved nd will e reported elsewhereF fut the generl ide remins the smeX it is the solutionEmielle interfe whih ontriute mostly to the preEpekF e simple model n further help explin the rgument ove fptist nd erer@PHIWAF e onsider model inry mixture whih miroEsegregtesF he pir interE tions etween like speies I nd P re simple vennrdEtones intertions v 11 (r) nd v 22 (r)F he segregtion n e implemented y negtive well in the ross speies pir intertion v 12 (r)D positioned t some lrge distne etween the dverse moleules I nd PF his distne sets the domin seprtionF sn this senrioD the positive nd negtive domin orreltion preEpek re exE tly ompenstingD euse of the homogeneity of the segregtion throughout the systemF xowD one n rek this homogeneity y llowing for mixing of IS speies lose to onttF his n e hieved y n dditionl ttrtive well in v 12 (r) superimposed to the short rnge intertion t onttF he e'et of this well would e to inrese the ontt orreltionsD hene produing orreE sponding inrese of the smllEk ehviour of the ross struture ftor S 12 (k)F his inrese will ounter the negtive domin preEpekD hene leding to the net positive preEpek in the sum of the P ontriutionsF 4 Conclusions sn the present studyD we hve studied oth y trditionl Ery nd neutron smll ngle sttering tehniquesD queous propylmine mixturesD nd found the existene of sttering preEpekD whih ppers for propylmine onentrtions x > 0.1 nd persists until pure propylmineF his preEpek is lso oserved in the omputer simultion resultsD nd in qulittive nd ner quntittive onsisE teny with sttering experimentsF he sme simultions revel the existene of hinElike wter lusters for onentrtions ove x > 0.1D suggesting link eE tween this suprEstruture nd the sttering preEpekF he detiled nlysis of the tomEtom struture ftor ontriutions revels tht this ttriution is not justi(edD minly in view of ontrditory informtions otined in other queous mixturesD suh s queous IEpropnol or queous hwy mixturesF e propose tht it is the presene of the mine group in propylmine whih llows wter to mingle with the soluteD hene produing net inlne in the like speies nd ross speies domin orreltionsD leding to net positive preEpek in the sttering funtionF his wyD rdition sttering ppers s proe of the mixing ehviour of the moleulr onstituentsF purthermoreD the explntion provides potentil uni(tion of the vrious types of sttering preEpek in very di'erent types if mixturesD in terms of the wterEsolute interfe insted of the usul miroEstruturl shpe explntionF PHHHF rins@IWPWA tF eF rinsD NatureD IWPWD 123D 
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