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The micro-heterogeneous structure of neat and aqueous propylamine is examined through computer simulations. Neat propylamine is found to have a pre-peak in the nitrogen-nitrogen structure factor, due to the presence of branched chain-like aminogen clusters. Aqueous propylamine mixtures are found to be micro-segregated at all amine concentrations. Both the waterwater and the amine nitrogen-nitrogen structure factors show the caracteristic domain pre-peaks in their respective moderate to high contents. The amine cluster pre-peak, still visible at high amine content, disappears into the domain pre-peak at lower amine contents. Interestingly, water domains forms linears clusters for water concentrations below equimolar. We discuss the specificity the amine brings to the nature of the water clustering as compared with other type of solutes. In particular, we find that the Kirkwood-Buff integrals are quasi-ideal in the amine mole fraction range 0.3 < x < 1, which we interpret as being consistent with the linear water clusters observed in this range, and which act as individual supra-molecular entities. We conjecture that such cluster shapes are consistent with the existence of a lower critical solution temperature for this system as well as other aqueous amines.

A C C E P T E D M A N U S C R I P T 1 Introduction

Amines play important role in industrial [1,2,3] and pharmacological [4,5] applications, but also in biological processes [6,7,8,9]. They bear an interesting resemblance with mono-ols in that they form hydrogen bonds through the lone pairs of the nitrogen atom. Since alcohols form micro-heterogeneous mixtures with water [10], one equally expects amines to behave similarly. However, the NH group of amines has a 2 donor -1 acceptor, instead of the 1 donor -1 acceptor structure of OH hydroxyl group of linear alcohols. How does this difference affects the micro-structure of neat amines and aqueous amine mixtures? For example, it is well known that linear alcohols form chain-like cluster structures, which produce a pre-peak in the oxygen-oxygen structure factor and the total scattered intensity as seen through neutron or Xray diffraction experiments [11,12]. The existence of two donor sites for amines would favour branched chains. How this particularity could affect amines, as compared to linear mono-ols? Lower amines such as methylamine and ethylamine are gases under ambient conditions, while methanol and ethanol are liquid. This fact indicates that, despite their double hydrogen bonding structure, amines have less hydrogen bonding capabilities than the corresponding mono-ols. In order to appreciate this difference, it is instructive to look at the classical force field representation of the hydrogen bonding through their Coulomb contributions as partial charges on the oxygen, nitrogen and hydrogen atoms. The Optimized Potential for Liquid Simulation (OPLS) [13] force field attributes for propylamine the valence z N = -0.9 to the nitrogen atom and valence z H = +0.360 to the hydrogen atom. Similarly, it attributes for 1propanol the valence z O = -0.7 to the oxygen atom and the valence z H = +0.435. Both sets of values are about the same order of magnitude. Therefore, it seems reasonable to consider that it is the topology of the amidogen NH 2 group of the amine molecules which does not allow as much hydrogen bonding as the hydroxyl OH group of the alcohol molecules. In particular, the proximity of the two hydrogen atoms next the nitrogen atom may hinder efficient hydrogen bonding. This fact may have its importance in the cluster formation and micro-heterogeneous domain formation under mixing conditions. For example, it is experimentally known that aqueous amine mixtures tend to have a lower critical solution temperature (LCST) [14]. This is in variance with aqueous mixtures of small alcohols, which generally tend to have an upper critical solution temperature under ambient pressure conditions, such as aqueous 1butanol (at 397.9K [15]) and 2butanol (at 390.35K [16]), for example. It is tempting to associate this difference between the two types of mixtures to the underlying topological properties of the two types of solute molecules. For example, in terms of the degree of hydrogen bonding, alcohols may tend to form a more coherently bonded liquid than amines, under ambient conditions, which could explain the temperature dependance of the way these liquids mix with wa-
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ter. In this context, it is interesting to ask how this difference would affect the type of micro-heterogeneity these mixtures have. Amines have not been studied by computer simulation as much as alcohols, as can be seen by the scarcely available force fields [17], other than the usual Gromos [18,19] and OPLS [20,21] transferable force fields. Kusalik et al. [22] have studied methylamine and aqueous methylamine. Lachet et al. [17] have studied a large variety of alkanolamines and their aqueous mixtures, and have proposed a new force field in order to obtain better excess enthalpies.

The principal objective of this paper is to use our previous studies about microheterogeneity to explore for the first time the micro-heterogeneous structure of both neat and aqueous propylamine. This study is a continuation of previous studies where we have shown that the structure of the solute molecule greatly affects the way water segregated domain forms. For example, in aqueous alcohols, water tends to form bulky domains [23,24]. In aqueous DMSO, water forms chain-like cluster domains [25]. In both cases, the existence of such segregated domains has two distinct type of impact on the structural and thermodynamical properties of such mixtures. Firstly, a domain pre-peak is found in the oxygenoxygen structure factor S OO (k) at a k-vector intermediate betwen k = 0 and the main peak about k = 2π/σ w ≈ 2Å -1 , the latter which corresponds to the the diameter of the water molecule σ w ≈ 3.1Å. The exact position of this peak, as well as its height, depends on the bulkiness of the segregated water domains. Secondly, the concentration fluctuations depend on the nature of the domains, and tend to be rather high for domain that are fuzzy (such as in tbutanol-water) or with large polydispersity (such as in benzene-ethanol), and small for domains with well stabilized shapes (such as aqueous-DMSO) [26]. Concentration fluctuations, defined as C i j =< N i N j > -< N i >< N j >, where N i is the number of molecules of species i in a given volume V , are related to the structure factors S i j (k = 0) through the relation [START_REF] Hansen | Theory of Simple Liquids[END_REF] 

S i j (k = 0) = < N i N j > -< N i >< N j > < N i >< N j > (1) 
In a recent work [START_REF] Požar | [END_REF], we have argued that segregated water domains were made of groups of smaller water clusters, the latter which were the elementary entity behind micro-segregation. This way of looking at micro-segregation opens new perspectives with respect to general physical chemistry, mainly for a new interpretation of phenomena such as, for example, the hydrophobic effect [START_REF] Tanford | The hydrophobic effect: formation of micelles and biological membranes[END_REF][START_REF] Kauzmann | [END_REF]31,32], as well as the role of water in the biophysical context [33,34]. The way water forms clusters and the way these clusters group themselves into larger domains or not, seems to depend very strongly on the nature of the solute [26]. For these reasons, it is interesting to explore particular solutes, in order to understand
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the common mechanism behind the behaviour of water. We have chosen propylamine since it is miscible with water at all proportions, and lower alkylamines are less miscible.

In the present paper, we will adopt the same type of approach that we have considered in our previous ones, namely with respect to force fields. While it is important to represent force fields properly in order to reproduce best target physico-chemical properties, we adopt the view that these considerations do not affect qualitatively the micro-segregation property of corresponding aqueous mixtures. In other words, while peculiar details of micro-heterogeneity, such as the pre-peak height and position, for example, might be as sensitive to force field details as other physical properties such as excess enthalpy or density, for example, its existence is essentially robust to such details. This approach has been particularly successful in allowing to predict the correct experimental Kirkwood-Buff integrals (KBI), despite strong differences in the short range correlations corresponding to different force fields, for example in the case of aqueous tbutanol [23] and aqueous acetone [35]. This is an important consideration since the KBI are expressed in terms of volumetric quantities as well as chemical potential derivatives, which are all sensitive to force field details. Since the KBI are representative of the nature of concentration fluctuations, these findings imply an interesting universality relationship between the robustness local molecular organisation, such as clustering or micro-segregation, and force field details.

Model, Simulation and Theoretical details

All simulations were performed with the program package Gromacs [36]. The forcefield Gromos53a6 [18] was used to model propylamine, while SPC/e [START_REF] Berendsen | Intermolecular Forces[END_REF] was chosen for water. Apart from neat propylamine, we have simulated the propylamine-water mixture over a range of concentrations, typically for propylamine mole fractions of 0.2, 0.5 and 0.8. The box of neat propylamine contained 2048 particles, corresponding to the box length of 64.7 Å. As for the propylaminewater mixture, system sizes of both N = 2048 and N = 16000 were considered, yielding an average box size of 54.6 Å and 108.4 Å, respectively. The force field for 1propanol, used for comparison purpose, was taken from the OPLS series [13] and a system of N=2048 molecules was simulated.

The systems were simulated in the isobaric-isothermal (constant NpT) ensemble, at the temperature of T = 300K and pressure p = 1 bar. Those conditions were achieved with the Nose-Hoover thermostat [START_REF] Nose | [END_REF]39] and Parrinello-Rahman barostat [40]. We followed the same procedure for every simulation. Packmol [41] was used to obtain the initial configurations of the systems from the pdb files of each molecule. After energy minimization, the systems were equilibrated in the NVT and then NpT ensemble, for a total of 1 ns. The following production runs lasted 4 ns, in order to sample at least 2000 configurations for calculating site-site correlation functions g a i b j (r), where a i , b j represent any two atomic sites on the molecules and i, j correspond to the species index.

On top of site-site correlation functions, we calculated the site-site structure factors S(k), defined as [START_REF] Hansen | Theory of Simple Liquids[END_REF]:

S a i b j (k) = S a i b j + ρ √ x i x j d r[g a i b j (r) -1]exp(i k r) ( 2 
)
where ρ is the number density and x i the mole fraction of species i. The values we report here are obtained by direct Fourier transformation of the correlation functions g a i b j (r) by standard numerical methods [START_REF] Brigham | The Fast Fourier Transform[END_REF]. As for displaying the structure factors, we follow the same convention as in our previous works and replace δ a i b j with 1 in the figures.

Cluster distribution probabilities are calculated within the Gromacs program. The Kirkwood-Buff integrals [START_REF] Kirkwood | [END_REF], mentioned in the previous section, are defined as:

G i j = d r[g a i b j (r) -1] (3) 
where g a i b j (r) is the site-site correlation function. Since these integrals can be related to macroscopic thermodynamic quantities, they depend only on the species index, and not on the atomic ones [START_REF] Hansen | Theory of Simple Liquids[END_REF]. As explained in our previous works [35,44], these integrals cannot be evaluated directly from correlation functions obtained in the simulation, since these latter are affected at long range by the concentration fluctuations inside the simulation box, and do not tend to the expected asymptote, as was shown by Lebowitz and Percus [45]. We have developed a procedure to account for this problem [44,26].

The KBI are defined from the relations derived from the KB theory [START_REF] Kirkwood | [END_REF]46,47] G

i j = k B T κ T -Vi Vj V D (1 -δ i j ) + G 12 + 1 x i Vj D -V δ i j (4)
where κ T is the isothermal compressibility (k B is Boltzmann constant and T the temperature), Vi is the partial molar volume of species i, V the total volume and D is related to the concentration fluctuations through the expression [START_REF] Kirkwood | [END_REF]46,47] 

D = x i ∂ β µ i ∂ x i T P (5)
where µ i is the chemical potential of species i (β = 1/kT is the Boltzmann factor).

In practice for dense liquids, the compressibility term is small compared to the others and can be ignored. In addition, we neglect the usually small variations
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with mole fraction of of the partial molar volumes -which amounts to neglect ∂V excess /∂ x i (the excess volume V excess is usually at least one order of magnitude smaller than the volumes [48]), and replace these by the volumes of their respective neat systems. This way, the KBI defined in Eq.( 4) can be simply related only to the volumes and mole fractions, and the D term needs to be evaluated indirectly. If we write the chemical potention into its usual three different contributions (reference, ideal and excess parts):

µ i = µ (0) i + k B T ln(ρx i ) + µ excess i
, then one gets [47,46] 

D = 1 + x i ∂ β µ excess i ∂ x i T P (6) 
Under this form, we see that if the excess part becomes independant of the solute concentration, then D = 1 is reduced solely to its ideal contribution from the chemical potential. One may ask how the excess part may become independant of the solute concentration. By analogy with phase coexistence of a binary mixture, where the chemical potential is the same across the separating interface (by one of the necessary conditions for phase coexistence), then micro-segregation may be considered as a smaller scale version, or rather a local version of phase coexistence. In other words, the condition D ≈ 1 is consistent with micro-segregation. It does not necessarily imply that that the mixture is ideal, but that concentration fluctuations are negligible despite the micro-heterogeneous configuration. Of course, this condition is not achieved for any micro-heterogeneous mixture, such as in the case of aqueous-alcohol mixtures, for example [47]. We have shown [25] that aqueous-DMSO mixtures behaved as quasi-ideal, due in particular to the fact that almost all water molecules were clustered into small linear aggregates, which acted as supra-molecular entities in order to enforce a quasi-ideality of this particular mixture, as far as the KBI were concerned.

3 Results

Neat propylamine

The left side of Fig. 1 shows a snapshot of the N=2048 neat propylamine system, where only the nitrogen and hydrogen atoms are show in filled colored balls, while the methyl united atoms are shown as semi-transparent balls. This way, one can clearly see a number of chain-like patterns formed by the bonding sites. The right side shows a snapshot of the N=2048 neat 1propanol system, where the oxygen atoms are shown in red and the hydrogen in white, with the same convention for the methyl united atoms. This snapshot equally shows visual evidence for chainlike patterns formed by the hydroxyl groups. There is however a big difference between the chain patterns between the two snapshots: those of the propylamine
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system show considerable branching and polydispersity, due to the double hydrogens on the nitrogen site. Another way to represent the difference between the branched and neat chains in the two systems, is to calculate the cluster distributions formed by the nitrogen and oxygen atoms. This is shown in Fig. 2. The cluster distribution of the oxygen atoms of the 1propanol system shows a clear peak around cluster size 4-5, just like that found for methanol [50,51], ethanol [START_REF] Požar | [END_REF] and tbutanol [50,51]. Conversely, the cluster distribution of the nitrogen sites of propylamine shows a very weak shoulder about the same cluster size. However, the monomer probability is higher for propylamine than 1propanol. These results are a direct consequence of the visual information of Fig. 1: simple chains produce a visible count, while branched chains tend to blur the distribution of aggregated atoms and produce a weak broadened feature instead.

Fig. 3a shows the N-N correlations in blue and the N-H correlations in red. The thin and high N-N first peak is typical of the hydrogen bonding between the nitrogen sites, intermediated by the hydrogen sites, just like for water and alcohols [23]. However, unlike water and alcohols, the N-H first correlations are lower than the N-N correlations and show a split two peaks pattern. This is due to the direct N-H bonding for the peak at the smaller r value and the indirect bonding positioned at the same distance as the N-N bonding distance through the second hydrogen. These correlations are equally distributed among the two possibilities, which is why they are about twice smaller than the N-N correlations. This observation directly supports the conjectures of the relation between the topology of the solute molecule in relation to its bonding ability. The inset of Fig. 3a shows the correlations between the same methyl sites. These correlations are about the same magnitude as the N-H ones, and those between the methyl atom closest to the nitrogen atom have the smallest first peak, indicating a least probable contact between these united atoms.

Fig. 3b shows particular site-site structure factors, as compared to the pure 1propanol structure factors [49] in the inset. The N-N structure factor shows a prominent pre-peak at k ≈ 0.65Å -1 , which corresponds to a structure of approximately 10Å, which is representative of the nitrogen trimer cluster. This corresponds probably to the basic nitrogen aggregates that form the base of the branched chain-like clusters seen in Fig. 1. We note that the N-H structure factor equally reveals this cluster pre-peak, almost superimposed to the N-N one. The second peak is centered about k ≈ 3Å -1 , which corresponds to the Hbonding distance of r HB = 2Å. In contrast, the methyl sites show an ordinary Lennard-Jones type structure factor, with a main peak centered at k ≈ 1.4Å -1 which corresponds to the mean diameter of the methyl site. The oxygen-oxygen (O-O) and oxygenhydrogen (O-H) 1propanol structure factors in the inset have a higher pre-peak than the N-N and N-H structure factors of propylamine, which indicates that, for
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the same number and same topology of the methyl sites, the hydrogen bonding difference between straight and branched chains tends to weaken the pre-peak of the latter type of chains. This fact directly supports the arguments developed in the Introduction.

The study of the correlations, both in direct and reciprocal space reveals the Hbonded cluster structure, very much like in alcohols [50,51], however with the differences induced by the 2 donor hydrogen sites.

Aqueous propylamine

Altough the snapshots are reported for N=2048, all the reported correlations are for the N=16000 systems. This allows better accuracy of the pre-peak features reported below. We studied particularly the propylamine mole fractions x = 0.1, 0.2, 0.5 and 0.8.

Snapshots

Fig. 4 shows three snapshots of the aqueous propylamine mixtures,taken at the amine mole fractions of x = 0.2, 0.5 and 0.8. The segregated domain structure is quite obvious in the first two snapshots, with bulky water domains for x = 0.2 and more linear clusters shaped domains for the equimolar case. These water domains stay very much linear at the highest amine concentration of 0.8, with few dimers and monomers, as seen by transparency in the last snapshot.

Cluster distributions

Fig. 5a shows the cluster distribution for propylamine sites (nitrogen in the main panel and the last methyl M3 site in the inset) and Fig. 5b shows that for the oxygens of water. Both panels show the distributions for 3 mole fractions of propylamine, x=0.2 in red, x=0.5 in green and x=0.8 in blue. The black curves are for the respective neat systems.

The distribution of large nitrogen site clusters loses its weak shoulder as soon as water is present, and this probability becomes smaller, which indicate a lessened clustering of propylamine with increasing water content. The monomer probability follows the expected rule that their number is larger with smaller propylamine content. The distribution of clusters of the methyl group shows more clustering at small propylamine content x=0.2 , which indicates that the oily tails may aggregate to shy away from water and the charged head groups, much like for micelles, but at a smaller scale. Conversely, their distribution tends to remain unchanged at higher propylamine content, indicating that they behave much like in pure propylamine.
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The cluster distribution for the water oxygens shows a trivial trend, with the clustering increased with lesser water content -which is compatible with microheterogeneity-except for the equimolar mixture x=0.5, where the larger cluster size above 5 seem to become prominent than in any other concentrations. This is mostly due to the presence of a large number of chain-like clusters (as seen in the middle snapshot in Fig. 4). The fact that the smaller cluster probability of this particular concentration is slightly smaller than the others, indicates that this depletion of this population is compensated by the presence of larger clusters. These differences are however very small, probably indicating a branched structure in the water chains. Indeed, if the water clusters were straight chains, one would probably observe a typical peak such that seen in Fig. 2 for neat 1propanol. Branching of chains tends to broaden the distribution.

Site-site correlation functions

Fig. 6 shows the most informative correlation functions of the aqueous propylamine mixture, for the same typical amine concentrations as in Fig. 4. The leftmost picture shows the water oxygen-oxygen correlations. It is seen that the first and second neighbour correlations increase with decreasing water content (as observed in the inset which shows a zoom on the pre-peaks). However, a shallow minimum appears beyond the third neighbour correlation, which corresponds to the minimum of the cluster domain correlations, more visible for x = 0.8, and in agreement with the linear clusters seen in the right snapshot in Fig. 4. The shallow minimum corresponds to the minimum of cluster-cluster correlations, which superimpose to the atom-atom correlations. This feature demonstrates the existence of supramolecular water aggregates.

The central panel shows that the water oxygen and amine nitrogen correlations are less important than the water-water correlations, although these correlations tend to show a similar increase with water content decrease. We conclude that that water interacts and form hydrogen bonds preferentially with the surrounding amines when these are in majority. This could explain the presence of water monomer, dimer and small clusters. However, these correlations are seen to be depleted beyond 2 neighbours, indicating the short ranged correlations between antagonist bonding species.

Finally, the rightmost panel shows that the N-N correlations for x = 0.1 are the smallest of all at first peak level, and that these first peak correlations increase with amine content increase -which is exactly opposite of the behaviour of water. This shows the dramatic difference between Hbonding pattern of water and amine. It is very similar to that we have previously reported in alcohols [START_REF] Požar | [END_REF]. We equally observe that the N-N correlations are very small and depleted at contact for x = 0.1 andx = 0.2, which shows that the amines tend to Hbond with water rather than
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with themselves. Incidently, for the x = 0.2 case, we have compared the correlations of the N=16000 system reported here (in purple) with those of the N=2048 system (in red). It is see that there is almost no influence of the system size as far as short range correlationas are concerned.

Structure factors

The structure factors of the water oxygen-oxygen correlation, reported in Fig. 7 (left panel) show the typical domain pre-peak correlations that we have previously reported for many other aqueous mixtures. The pre-peak is seen to be more important at high water content for x = 0.2 (water mole fraction 0.8). This is absent for pure water (thin black line). This peak corresponds to the bulky and percolating water domain see in the right panel of Fig. 4. As these domains thin out and become linear water clusters, this pre-peak diminishes in proportion. It is interesting that the pure water outer peak of the well known split peak feature [52] -which represents the oxygen-oxygen contact peak, vanishes for any amine content, and only the inner Hbond peak at k ≈ 3Å -1 (corresponding to r HB ≈ 2Å) survives, although it decreases with amine content increase. This tends to indicate that the water molecules are less Hbonded at high amine content than at low one, which appears inconsistent with the high first peak of the water correlations in Fig. 6 left panel. This apparent discrepancy demonstrates that the increase of the first peak of the g OwOw (r) functions are not only related to direct Hbonding (such as in pure water), but that they also include broader cluster correlations, as clearly shown by the apparent broadening of the first peak in the inset of Fig. 6 left panel.

The middle panel shown O-N cross structure factors, which are seen to have both positive and negative pre-peak at the place where OO have only a positive domain pre-peak. This type of anti-pre-peak is typical of domain segregation, and has beed repeatedly reported in the room temperature ionic liquid literature [53,54,55]. This is a very important information in the present context, since it shows that only the case x = 0.2 shows the anti-pre-peak, when the cross structure factors for x = 0.5 and 0.8 show positive pre-peaks. This allows us to distinguish between the case where water forms bulky domains (see Fig. 4 left panel), which is more synonymous of micro-segregation, from the case where water forms rather linear clusters (as in Fig. 4, middle and right panels). This distinction is important, since we argue that water tends to naturally form linear supra-molecules in mixing conditions, and that water segregated domains are often aggregates of such supramolecular linear water clusters [56].

Finally, the rightmost panel shows the N-N structure factors. One sees that, at hight amine content, the pure amine cluster pre-peak (in thin black line -also discussed in Fig. 3 right panel) tends to vanish progressively as the amine content di-
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minishes, while the domain pre-peak emerges (as see at x = 0.2 and x = 0.1). This latter case corresponds to the bi-continuous segregation of water and propylamine -as seen in snapshot of Fig. 4 left panel. The disappearance of the neat amine cluster pre-peak means that propylamine in the domain is more likely Hbonded to water, forming some sort of nitrogen atom interface between the water domains and the alkyl groups.

The influence of the system size dependence is more apparent for the structure factors than for the correlation functions, as seen from the data reported for x = 0.2 (purple for N=16000 and red for N=2048). This difference, even though small, shows that the domain formation is influenced by the system size. However, this difference is not as important as in the case of other mixtures, such as aqueous TBA [23], aqueous acetone [35] or ethanol-benzene [57]. This is attributed to the differences in the micro-heterogeneity and clustering of water, namely the linear clusters found here as opposed to the bulky clusters found in the latter mixtures. Indeed, the distribution of bulky clusters are more likely to be influenced by system size. We observe that the differences in the present context are more important for small x = 0.2 value, for which bulkier clusters are seen (Fig. 4 left panel).

Kirkwood-Buff integrals

Since these mixtures look strongly non-ideal, one might expect high values of the KBI. But Fig. 8 shows that the KBI computed from the simulation results are quite small, which is very surprising in view of what is seen for other aqueous mixtures, where the KBI are rather large. We have shown in many cases [58,59,23,35] that the amplitude of the KBI reflect the effective concentration fluctuations. We have plotted the ideal KBI in dashed lines, and Fig. 8 shows that the KBI are nearly ideal in the range 0.3 < x < 1. In fact, this is very consistent with the finding reported above. In previous studies, we have underlined that the presence of linear water cluster (supra-molecular water) often leads to small KBI, which means small concentration fluctuations. Indeed, if we try to calculate the D-function from the KBI obtained from the simulations, we obtain the curve shown in the inset, which is equal to 1 in the range 0.5 < x < 1. From Eq.( 5), this latter information implies that the derivative of the excess chemical potential is zero, which indicates that the chemical potential become independant of the concentration. We interpret this as consistent with water forming tightly bonded supra-molecular entities, which interacts with the rest of the system weakly. This is similar to what we found in benzene-alkane mixtures [57], where D ≈ 1 was equally found, despite strong molecular interactions. The condition D = 1 does not mean that there are no interactions, but that the system is homogeneous in terms of clustered or supra-molecular entities. Water specific interactions are strongest in the range
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3, as seen from the non-ideal KBI. It is seen that it is the amine-amine KBI that the most non-ideal, showing that propylamine clustering at small amine content is not trivial. Since D(x) represent the concentration fluctuation term, we see that these are maximal around x ≈ 0.15, close to the case x = 0.2 that we have explicitly reported as showing bulky clusters.

4 Discussion: UCST versus LCST

As stated in the Introduction, the existence of UCST for aqueous alcohols as opposed to LCST for aqueous amines, can be speculatively understood in terms of the types of water aggregates formed in these different mixtures, namely bulky versus linear aggregates. This is evidently induced by the different type of hydrogen bonding of these respective solute molecules. The main line of argument is that bulky water aggregates have most of their hydrogen bonding sites selfsaturated by water molecules, hence bind less with surrounding solutes than linear water aggregates, which have more open bonding sites to solutes. As a consequence, bulky water aggregates are likely to grow by coalescing, and lead to phase separation under mixing unstability conditions. Such conditions are likely to happen at lower temperatures than higher ones for the simple reason that thermal agitation is likely to increase the disorder of the aggregates rather their coalescence. Hence, aqueous alcohol mixtures with bulky water aggregate domains are likely to have a UCST [15,16]. Conversely, the explanation for the existence of a LCST in micro-segregated mixtures seems to be more involved. With that respect, we would like to point out that the currently accepted explanations for the existence of LCST and UCST are essentially related to the seminal paper from Walker and Vause (WV) [60]. While the existence of UCST can be quite simply attributed to mixing under thermal agitation at higher temperature, the WV approach explains remixing at a lower temperature below the LCST as the result of a preferential directional attraction between the two species. This is fully consistent with the hydrogen bond and the experimental fact that LCST exist only in Hbonding mixtures [60]. In this picture, remixing at lower temperature involves essentially the existence of solute-solvent dimers, which overcome the globally unfavourable solute solvent interactions. However, the VW approach does not account for the existence of microsegregation. Micro-segregation is a stronger principle than a mere solute-solvent directional association. Quite the contrary, it is a local self-segregation of each species, but maintained by cross species interactions across the local domains. Hence, one needs to revisit the WV mixing conditions by taking into account aggregation. The case of the UCST was discussed above at the beginning of the paragraph. We now discuss the case of LCST, in relation to the existence of linear
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water aggregates. In comparison with the difference in bonding between alcohols and amines, namely the lower bonding abillity of amines as discussed in Section 3.1, we hypothetize that linear water aggregates exist because of an appropriate balance between the Hbonding abilities of the solute and water. An increase in temperature will further disfavour the Hbinding ability between water and the amine, due to thermal disorder, leading to increased self-association of water and eventually demixing. Hence, the existence of linear water aggregates is an indirect signature of the nature of the associations between water and the solute, and a possible precursor for an LCST behaviour. The tentative explanation for the existence of LCST in amine aqueous mixtures with linear water aggregates, while pictorially appealing, needs to be confirmed with other cases. For example, aqueous 2-butoxyethanol mixtures have an LCST [61,62] while this solute is an alcohol. However, it has an ester group, hence it may favour water-solute interactions more than solute-solute interactions, and induce the presence of linear water aggregates at temperature below its LCST (around 320K). The computer simulations of Gupta and Patey [63,64] show that demixing consistent with the LCST, appears in the appropriate temperature range, although such simulations require very large system sizes (62000 molecules) in order for the existence of LCST to be settled. We note that the WV picture for LCST is illustrated mainly for binary alcohol mixtures with glycerol as solvent [60]. Since alcohols tend to form chain-like associated structure with their hydroxyl group, it is not excluded that the influence of chains is also an essential mechanism behind the presence of an LCST in these mixtures.

Conclusion

The study of model aqueous propylamine mixtures reveals specificities of water segregation that we have observed in several different contexes. In the range 0 < x < 0.3 we find that water forms bulky domains, similar to that we have observed in aqueous alcohols [24,23], which lead to a prominent domain pre-peak in the oxygen-oxygen structure factor. In contrast, in the range 0.3 < x < 1, water forms linear clusters, similar to what we found in water-DMSO mixtures [25], and leading to modest structure factor pre-peaks and near ideal KBI. Hence, the aqueous propylamine behaves in a composite manner, between aqueous alcohols at low solute content and aqueous DMSO at high solute content. In fact, despite high structure factor pre-peak at small solute content, this system has quite moderate KBI, which indicates that it is nearly ideal, and consequently acts as a well mixed and homogeneous system in terms of supra-molecular entities. This is an interesting system, which seems nearly ideal, despite very strong Hbonding interactions, but which tend to self-segregate each species into weakly interacting
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macro-molecular entities, and probably more the water than the amine molecules. The discussion above opens several questions about the kinetics of the water aggregation under mixing conditions. What is the exchange time constant of monomeric water molecules between the clusters entities? How does this kinetic influences the dynamical properties rather than the static properties. We do not provide answers to these questions in this work. Beyond these questions, the interpretation proposed here deserves a deeper investigation, perhaps to eventually lead to a better understanding of the well documented, but still not deeply understood phenomena such as the hydrophobic effect, and the role of water in the biophysical context. 

• Fig. 1 -Snapshot of neat propylamine for system size N=2048. The nitrogen sites are shown in blue, the hydrogen sites in white and the methyl group united atom sites in semi-transparent cyan.

• Fig. 2-Cluster distribution probabillities for the nitrogen atoms of propylamine in blue and in red for the oxygen atoms of 1propanol.

• Fig. 3 • Fig. 6 -Selected site-site correlation functions of the equimolar aqueous for different propylamine mole fractions : x = 0.1 in jade, x = 0.2 in purple (red a for the N=2048 system), x = 0.5 in blue and x = 0.8 in cyan; pure water (left panel) and pure propylamine (right panel) in black . Left, middle and right panels correspond to for the oxygen-oxygen, oxygen-nitrogen and nitrogen-nitrogen correlations, respectively.

• Fig. 7 -Selected site-site structure factors corresponding to the correlation functions shown in Fig. 6 with the same color and panel codes.

• Fig. 8 -Kirkwood-Buff integrals of the aqueous-propylamine mixtures. Color code is as follows, blue for water-water, magenta for propylamine-propylamine and green for the cross KBI. Open squares are the KBI from the present simulations, full lines correspond to the D-coefficient shown in the inset (see text) and dashed lines are the ideal KBI. 
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•Fig. 4 -•Fig. 5 -

 45 -(a) Selected site-site correlation functions. Nitrogen-nitrogen correlations in blue, nitrogen-hydrogen in red. The inset shows selected methylmethyl correlations(see text): M1-M1 in magenta, M2-M2 in orange and M3-M3 in brown. (b) Sites-site structure factor corresponding to some of the site-site correlations shown in (a) with the same color codes. The inset shows the structure factors for neat 1-propanol[49] (O-O in blue, O-H in red and M2-M2 in orange) Snapshot of the aqueous propylamine mixtures for 3 different propylamine mole fractions: left for x = 0.2, middle for x = 0.5 and right for x = 0.8. Water molecules oxygen and hydrogen atoms are shown in red and white, respectively, propylamine molecules are shown in dark blue, except for the right panel where they are shown in semi-transparent blue. Cluster distribution probabilities versus cluster size for (a) the nitrogen sites in the left panel (last methyl site in the inset) and (b) the oxygen sites in the right panel. Red curves are for propylamine concentration x = 0.2, green for x = 0.5 and blue for x = 0.8. The black lines are for the pure systems.
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