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Abstract
The molecular origin of the hydrophobic effect continues to be widely studied. Here we design an experiment to tune independently hydrophilic and hydrophobic interactions through the study of a series of aqueous ionene solutions.  The dynamics of these solutions are probed using the ultrafast optical Kerr effect, which measures polarisability anisotropy relaxation.  Analysis of these data yields information on both structural dynamics within the water hydrogen bonded network and the low frequency intermolecular bending and stretching H-bond modes. In all cases the ionene solute retards the structural dynamics compared to bulk water. However, the effect is small and cannot be assigned specifically to water – hydrophobe interactions. There is no evidence for a dramatic slowdown of the water dynamics observed by the optical Kerr effect when water is in the solvation shell of a hydrophobic group.  The low frequency spectrum was recorded as a function of ionene concentration. Again the effect of the solute was small, and could be assigned mainly to the effect of anion solvation.
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INTRODUCTION
Interfacial water plays a key role in many important processes in biology and technology, including protein folding, membrane stability, trans-membrane transport, molecular self-assembly, drug delivery, gelation, etc.1-5 In many of these cases the key driving force is the differential interaction between the aqueous solvent and the different features of the heterogeneous interface, in particular the enthalpic and entropic balance among water-water, water-hydrophobe and water-hydrophile interactions, collectively known as the hydrophobic effect.1,5 The molecular origin of the hydrophobic effect has been investigated over many years. The discovery that the driving force was entropic led directly to suggestions that hydrophobic solutes had the effect of ordering water molecules in the solvation shell, the so-called “ice-berg” effect.6 However, despite many recent advances in scattering experiments, spectroscopy and theory, the structure of the solvation shell around hydrophobic solutes has generally been found to be remarkably similar to that of bulk water.7 Recent Raman spectroscopy and some theoretical calculations suggest that the hydrophobic ordering corresponds to an enhanced population of tetrahedral coordinated water molecules in the solvation shell, such as might be achieved by reducing the temperature.8,9 An alternative explanation is a dynamic rather than a structural effect in the solvation shell, with solvating water molecules occupying similar structures as in the bulk, but undergoing slower reorientation in the vicinity of a hydrophobic group.10  Moderately strong suppression of orientational motion was observed experimentally through ultrafast measurements of the reorientation of the OH stretch in quite concentrated solutions of a number of amphiphiles.11-13  However, NMR experiments and simulations suggested that in dilute solutions of the same or similar amphiphilic molecules the effect of the hydrophobic moieties on the water reorientation was to give rise to only a modest slow down.14-17 This suggests the conclusion that the observed more effective suppression of orientational dynamics in transient IR is a result of the high concentration of the amphiphile, where the water molecules become confined between solutes, or isolated in small clusters.  Such crowding effects have been observed in two-dimensional infrared studies of solvation of a site specific vibrational probe molecule.18 These site specific measurements can also reveal distribution of dynamics associated with a distribution of sites at a heterogeneous interface.19 The existence of such a distribution at the protein water interface is consistent with simulations, although for the great majority of sites only a modest slowdown is predicted.20
One difficulty with experimental studies of the hydrophobic effect is that in the amphiphiles which are usually studied it is difficult to separate the effect of the hydrophilic and hydrophobic moieties on the solvent structure and dynamics. An experimental approach to solving this problem is to find systems in which the hydrophilic and hydrophobic character of the solute can be independently varied. One example is the study of aqueous solutions of tetra-alkyl ammonium salts, one of the systems studied in the thermodynamic analysis of Frank and Evans,6 and more recently investigated by ultrafast IR and dielectric relaxation spectroscopy (DRS).13,21 For these salts the ion-water interaction is constant while the alkyl chain length is variable. Van der Post et al. observed an increasing slowdown in water reorientation for longer alkyl chains, but also noted effects due to aggregation at the high (> 1 M) concentrations studied.13 In the DRS study evidence for a modest slowdown in water reorientation due to hydrophobic moieties was reported, but at higher concentrations ion pairing and cation aggregation also contributed to the dynamics observed.21 
In this work we investigate an alternative route to the independent control of hydrophobic and hydrophilic interactions, through a study of ultrafast dynamics in ionene solutions.  Ionenes are polyelectrolytes in which a quaternary ammonium cation is linked by alkyl chains of variable length.22 Ionenes are usually characterised as x,y X−ionene, where x and y are alkyl chain lengths separating alternately the –N(CH3)2+ group and X− is the counterion. Here we study 3,3 and 6,9 ionenes with Br− and F− counterions. In every case the concentration refers to the concentration of X−, such that for any given concentration the Coulomic and ionic interactions are nominally common, and only the charge density and length of the hydrophobic moiety is varied.  Further the degree of polymerization is kept relatively low (about one hundred charged monomer units23), in which case the polyion adopts an essentially stretched rod-like conformation.24,25  This structure allows us to approximate the ionene as a chain of connected small molecules, comparable in dimension to the amphiphiles mentioned above. In the case of a conventional polymer collapse to a globular structure would introduce the complication of the solute size dependence of hydrophobic interactions.26  Thus, the implicit assumption is that by focusing on these charged rod-like polymers, with distinct hydrophilic (charged) and hydrophobic regions, the main effect on the ultrafast dynamics is due to local solvent-solute interactions, and effects due to the overall polymer morphology can be neglected.  We maintain the concentration below 1 M of monomer units, since above that the ionic atmospheres of the polymer chains overlap, at least in the case of the Br− counterion.23
The method used to probe dynamics in these ionene solutions is the optically heterodyne detected optical Kerr effect (OKE).27-30 The OKE is a polarisation resolved pump-probe method in which ultrafast (sub 100 fs) linearly polarised pump pulses induce transient polarizability anisotropy in a solution. The relaxation of the induced anisotropy is monitored by its effect on the polarization of a transmitted time delayed probe pulse. The method and underlying theory have been described in detail in a number of publications.27-30 The method has been used to provide insights into the dynamics of simple molecular liquids,31-34 H-bonded liquids35,36 (including water37,38), confined liquids,39-42 ionic liquids,43-47 protein solutions48,49 and complex fluids.50-54 The method has found particular favour because it affords very high signal-to-noise, which enables analysis in terms of complex multicomponent lineshapes, and yields data over many decades in time.  
The analysis and simulation of OKE signals is complicated because polarisability anisotropy relaxation reports both molecular (librational and diffusive reorientation) and intermolecular dynamics, where the latter arise from induced interactions.55,56 The theoretical analysis of OKE signals was pioneered by Ladanyi and co-workers, who successfully simulated OKE data from a number of liquids and solutions.57-62  These authors showed that MD simulations can be used to model OKE data, and thus provide a microscopic mechanistic description of the experimentally observed dynamics. These methods are now quite widely employed in the analysis of a variety of molecular liquids, solutions and complex fluids.63-65
There are both advantages and disadvantages in applying OKE to the study of the dynamics of water in aqueous solutions. The main disadvantage is that water has an almost isotropic polarisability,66 which means that the main contributions to signals arise from interaction induced (intermolecular) effects rather than molecular reorientation, which contributes only a minor part of the water OKE response.67  Thus molecular reorientation, which dominates ultrafast IR anisotropy and dielectric relaxation measurements of aqueous solutions, and is a parameter readily extracted from MD simulations, is not observed in OKE. Instead a more general H-bond reorganization which accompanies molecular reorientation and modulates the intermolecular interactions is the dominant contribution to dynamics measured by OKE. On the other hand, the sub-picosecond timescale OKE dynamics reflect the H-bond structure of water, which, on Fourier transform to the frequency domain, yields the low frequency depolarised Raman spectral density (equivalent to a thermally corrected dynamic light scattering measurement).68 The bimodal spectrum recovered for water is very characteristic, and has been assigned to H-bond bending and stretching modes.69,70 Thus the OKE may act as a probe of the disruption of the water H-bond structure in solutions. Indeed the OKE has recently been used to investigate the dynamics of a number of aqueous solutions, including simple salts,71,72 organic solutes,73 peptides74 and proteins.49  For some of these systems the OKE signal has been simulated, yielding important information on the multiple contributions, which are difficult to resolve experimentally.75-78
Of immediate relevance to the present study are our recent OKE measurements on solutions of the amphiphiles trimethylamine – N-oxide (TMAO) and tertiary butyl alcohol (TBA).79  We found that these solutes had a remarkably small effect on the low frequency spectrum, indicating that even at very high concentrations (4 M) the H-bond structure was not perturbed.  In addition on the picosecond time scale only a small increase in the relaxation time associated with H-bond reorganisation was observed for water molecules in the solvation shell.  These data are consistent with only a modest perturbation of the water structural dynamics by these amphiphilic solutes. However, as with other amphiphilic systems, both the tendency to aggregation and the inability to tune independently the hydrophilic and hydrophobic interactions hampered a more definitive conclusion. In this work we address these problems through a study of the ionenes.

EXPERIMENTAL
Ultrafast OKE measurements were made with two laser systems, a commercial Titanium Sapphire laser delivering 800 mW of 18 fs pulses at 80 MHz, and a home built laser yielding 300 mW 42 fs pulses at 62 MHz. In either case the beam was split in the ratio 80:20 pump:probe and aligned in a non collinear pump-probe geometry with the appropriate polarisation for optically heterodyne detected OKE.  Measured data for 6,9Br−ionene are presented in Figure 1. The data beyond 1 ps were analysed in the time domain by fitting to 
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Figure 1 Ultrafast OKE data for aqueous solutions of 6,9 Br−ionene as a function of concentration. 
the following sum of exponentials function

,						(1)
where the ai are amplitudes, the i are exponential relaxation times and r is an arbitrary risetime, set to 10 fs, which must be present in OKE data.  Equation (1) is then fit to the data using a genetic algorithm to determine the best fit and the quality of fit judged by the distribution of residuals. Two decay components were adequate in all cases. To recover the undistorted low frequency Raman spectral density the time domain signal SOKE(t) is Fourier transformed (FT) to the frequency domain and divided by the FT of the second order autocorrelation of the laser pulse, G2(t) to correct for the finite bandwidth of the laser spectrum.27 The result is the spectral density, D(), 

									(2)
The imaginary part of this, Im D(), is analogous to a low frequency Raman spectrum corrected for thermal occupation.  For many molecular liquids the picosecond relaxation component contributes a large narrow spike near zero wavenumber, which is often subtracted to yield a reduced Raman spectral density Im D’(). However, in the case of aqueous solutions this contribution is small and relaxes on a sub-picosecond time scale, so such a separation is difficult; consequently here we report the complete Im D().
[bookmark: _GoBack]The ionenes were synthesised and prepared as described elsewhere.21 The molecular weight was in the range 15 kDa to 40 kDa with a mean around 25 kDa. In these cases the polymer adopts a rod like structure in aqueous solutions.25 Solutions were prepared according to the concentration of the alkyl ammonium, so for example 1 M 3,3Br−ionene and 6,9Br−ionene have the same ion concentration but differ in the length of the alkyl chain. Concentrations were checked using ion selective electrodes. The molar volumes for the polymer chains may be calculated according to data given by Malikova et al. and range from 82 cm3mol-1 (for the 3,3ionene) to 154 cm3mol-1 (6,9).23 For reference tetramethylammonium bromide (TMABr) was also studied up to its saturation concentration of 0.7 M.
RESULTS AND DISCUSSION
Representative experimentally measured time resolved OKE data were shown in Figure 1 for 6,9Br− ionene on the 0-20 ps timescale. When so viewed the most striking effect of the ionene is to increase dramatically the slow picosecond relaxation time. For pure water the slowest relaxation is non single exponential but has a mean relaxation time of 650±50 fs.  For low concentrations of the ionene this relaxation time increases, but is accompanied by the appearance of a very long relaxation time, which continues to increase in amplitude with increasing concentration of ionene. The data between 1 and 20 ps were fit with equation 1.  An accurate fit required three exponential decay terms, two of which were on the 0.4 – 1.5 ps timescale, similar to (but longer than) the bulk water relaxation times.  The final relaxation time was > 20 ps, and therefore not accurately determined on the 20 ps measurement scale used.  To account for this very long component the data were refit with the long relaxation time fixed at an arbitrary value of 17 ps and the three amplitudes and remaining two time 
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Figure 2 Amplitudes of the slow (fixed at 17 ps) relaxation component (lower panel) compared to the sum of the amplitudes of the two fast relaxing components (upper panel) as a function of concentration for all four ionenes studied. The data were recovered from a fit to equation (1) with i = 3, where the amplitudes recovered are normalised ().
constants freely varying (any value greater than 17 ps had no effect on the freely varied parameters).  The complete numerical data for all four ionenes studied are shown in supporting information Table S1.  
In Figure 2 we plot the amplitude of the fixed 17 ps relaxation as a function of ionene concentration, and compare it with the total amplitude of the two freely varying components, for all four of the ionenes studied.  The amplitude of the slow relaxation increases linearly with ionene concentration while that of the rapidly relaxing components undergoes a corresponding decrease.  Significantly the long component was absent for TMABr solutions. Thus, the very slow relaxation in the OKE response is not associated with water molecules undergoing restricted motion in the vicinity of the ions, in agreement with earlier studies of alkali halide solutions.71 Rather, the slow relaxation must be associated with the ionene chain. A number of factors might contribute to such a slow polarisability anisotropy relaxation. At higher polymer concentrations, where the ionic atmospheres overlap, there might be a contribution from water molecules ‘trapped’ or isolated from the H-bonding network. However, the tens of picoseconds timescale observed here appears too long for water, even in a highly constrained environment, for example when compared to the relaxation time of a few picoseconds found for water trapped at the surface of silica nanopores.80  In DRS studies of ionenes a nanosecond relaxation time was observed and associated with counterion mobility in the ionic atmosphere around the ionene chain.21 While translational diffusion of the counterion will not contribute to the OKE relaxation, there may be contributions from associated slow structural dynamics in the polymer chain, as it responds to ion motion.  Alternatively on similar and longer timescales intramolecular structural dynamics or ionene rotational motion may contribute to polarisability anisotropy relaxation. To separate and assign such slow dynamics would require OKE measurements on the tens of picosecond to nanoseconds timescale, outside the range of the current experiments. Here we will focus attention on the picosecond timescale relaxation and therefore subtract the very slow exponential relaxation from the complete OKE signal.

The two faster relaxation times both increase with increasing ionene concentration, and extrapolate back to the values associated with pure water (Table S1). In addition the amplitude associated with these picosecond components decreases with increasing ionene concentration. Thus we associate the concentration dependence of these fast components with an ionene perturbation of the water relaxation dynamics. As mentioned above, picosecond relaxation dynamics in the OKE of pure liquid water reflect intermolecular interactions, and are therefore associated with structural dynamics in the H-bonding network. For example in pure water a successful model of orientational relaxation involves collective fluctuations in the H-bond network to form a bifurcated H-bond, an activated complex in which H-bond switching occurs, resulting in a large angular jump in the orientation of a water molecule.81  While the OKE signal is only weakly sensitive to the actual reorientation event, due to the nearly isotropic polarisability of water, it will be modulated by the more complex collective H-bond structural dynamics.  In bulk water these dynamics have a mean polarisability anisotropy relaxation time of 650±50 fs, defined as the weighted mean of the biexponential relaxation times, .  In Figure 3 the mean relaxation time associated with the water relaxation is plotted as a function of concentration for all four ionenes and for TMABr.
In every case the effect of increasing the concentration of the ionene is to increase the water relaxation time. Thus, the effect of the solute is to retard dynamics associated with H-bond reorganization in water, as has been reported for a number of molecular solutes, peptides and proteins.49,63,73,74,79,82 In these earlier studies the slope of the plot in Figure 3 could be 
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Figure 3 Mean relaxation time for the two fast relaxing components of the fit to eq. (1) as a function of ionene concentration
converted to a numerical retardation factor (after some assumptions about the range of the interaction and the number of molecules in the solvation shell). This is not possible here due to both the multiple species involved with different interactions (e.g. the effect of counterion solvation must also be taken into account) and the unknown number of molecules in the solvation shell of each solute. Thus we will take the retardation factor to be proportional to the slope of the plots in Figure 3.  In that case the expectation is that with increasing hydrophobic area (e.g. between 3,3 and 6,9 ionenes) any hydrophobic induced slowdown in the dynamics would appear as a greater slope for the 6,9 ionene case, when plotted as a function of the ion concentration. 
The slowdown observed is both modest (even at ionene concentrations of 1 M the mean relaxation remains subpicosecond) and is remarkably independent of the structure of the ionene, and not really distinct from the retardation associated with the model ion system TMABr (Figure 3). This result suggests there is no dramatic slowdown due to increasing the hydrophobic area presented to the aqueous solution; the retardation factors for 3,3Br− and 6,9Br−ionenes are indistinguishable and overlap with that of TMABr.  This in turn suggests that the main retardation effect seen in Figure 3 can be assigned to the effect of anions on the water dynamics. This is consistent with previous observations of enthalpies of mixing where distinctive hydrophobic behaviour is only observed for even more hydrophobic, 12,12 ionenes.83
The smallest retardation factor observed is for the 3,3F−ionene, which is consistent with a picture in which F− is fully solvated and fits in to the water structure. Then the increase in slope (retardation factor) seen in Figure 3 between 3,3 and 6,9F− ionene could be ascribed to the significantly increased hydrophobic area, i.e. a hydrophobic contribution to the retardation. However, these effects are evidently not simply additive, as there is no similar increase in retardation factor between 3,3 and 6,9Br− ionene (Figure 3).  In the case of the Br− counterion it has been suggested that the relatively weaker solvation (compared to F−) may result in Br− being more strongly associated with the polymer chain.84  This suggests that there is a complex interplay between charge density on the polymer chain, water – counterion solvation, the structure of the ionic atmosphere and the dynamics of the waters of solvation observed in OKE.  The details of this interplay cannot be resolved from the present measurements, but the overall conclusion is clear: there is no evidence for a remarkable slowdown in the dynamics observed by the OKE due to an increasing hydrophobic area in solution. The dominant retardation appears to be associated with hydrophilic interactions between water and ions. This is in line with earlier conclusions on the amphiphilic solutes TMAO and TBA.79 A more detailed analysis of OKE dynamics in the vicinity of ionenes will require simulations of the polarisability anisotropy relaxation of the type which have begun to appear for some complex solutes.63,64
In Figure 4a the same data as in Figure 1 are shown, focussing on the sub-picosecond timescale
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Figure 4 A. Sub picosecond OKE data for 6,9Br−ionene as a function of concentration. B The Im D() extracted from the Fourier transform analysis (equation 2).  The time domain data were normalized to the intensity in the electronic response (t = 0).
The intense symmetrical spike around t = 0 is the instantaneous electronic response of the sample, and contains no information on molecular dynamics.  The time resolved signal shows a number of oscillatory features out to 600 fs, which are modified slightly by increasing ionene concentration. These oscillations are damped on the subpicosecond timescale to leave the exponentially decaying relaxation analysed above.  Generation of the Im D() (Equation 2) yields directly the low frequency Raman spectrum undistorted by the finite width of the laser pulse and corrected by a Bose-Einstein factor for thermal occupation.27,85 These spectra are shown in Figure 4b.  In each spectrum three features are resolved below 300 cm−1. At very low frequency there is a shoulder associated with the multiexponential picosecond relaxation analysed above. Next there are two broad components roughly centred at 60 cm−1 and 180 cm−1. In bulk water these have been assigned to collective H-bond bending and stretching modes respectively.70,86 In figure 4b it is seen that the bending mode appears to gain intensity at the expense of the stretching mode as the concentration of ionene increases.  Above 300 cm−1 there is a nonzero contribution which extends to much higher frequency. This may arise from molecular librational motion (observed in Raman spectra above 500 cm−1)87,88  and its observation in OKE indicates either higher order contributions to the spectrum or that the polarisability of water in the liquid state is less isotropic than in the gas phase, as some simulations suggest.87-90  Finally there is a weak narrow feature at 360 cm−1 which is absent in water but grows with increasing ionene concentration. We ascribe this to a low frequency Raman active vibrational mode of the ionene.
To allow for a comparison among all samples we decompose the Im D() with a lineshape analysis in terms of 4 components: the low frequency shoulder is represented by a single Lorentzian line (the narrow low weight component arising from the >17 ps relaxation makes a negligible contribution); the H-bond bending and stretching modes are represented by a generalized Ohmic (or Bucaro-Litovitz, BL91) 

									(3)
and an antisymmettrized Gaussian (ASG)

			(4)
lineshape respectively.  The response above 300 cm−1 is represented by a fixed Gaussian lineshape.  The former fits the low frequency bending mode, the latter the stretching mode. This sum of functions was found to yield a good fit to the spectra for all samples (Figure 5).  
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Figure 5 The Im D() for 1 M 6,9F−ionene fit to the 4 lineshape function: Lorentzian (Magenta), Ohmic (equation 3, blue) ASG (equation 4, green) and Gaussian (olive). The fit is shown in red.
Fitting functions (3) and (4), originally introduced by Chang and Castner92 are selected because they provide an accurate description of the line shape (Figure 5) with a minimum set of fitting parameters. Although (3) has its origin in collision-induced lineshapes (with specific values of )91 and a Gaussian suggests inhomogeneous broadening, no such physical interpretation is necessarily intended; the objective is to accurately describe the evolution of the lineshape with ionene concentration. The concentration dependent frequencies and amplitudes of the two dominant modes, (3) and (4), are presented in Figure 6.
For 3,3F−ionene there is no detectable effect on Im D(), either in amplitude or frequency. This sample also had the weakest effect on the picosecond kinetics. This result is consistent with the F− counterion fitting in to the water structure, and the ionene chain leaving the water H-bond network essentially unperturbed, up to at least 1 M concentration of ionene. Thus, the bimodal structure of the water H-bond spectra is remarkably persistent. A similarly weak perturbation to the H-bond network was also found for the amphiphilic solutes TMAO and TBA, up to surprisingly high (4 M) concentrations.79 The effect of the 6,9F−ionene is to slightly increase the relative amplitude of the BL lineshape, but there is no change to the frequencies.
The effect of the Br− counterion is more marked; for both 3,3 and 6,9Br−ionenes and for TMABr the amplitude of the BL function increases significantly with increasing concentration (Figure 5,6). In addition the frequency of the ASG shifts monotonously to lower frequency with increasing concentration.  Again this effect is dominated by the hydrophilic interactions, with no discernible difference between 3,3 and 6,9Br−ionene or TMABr. This spectral shift may indicate a weak perturbation of the water network, but can also be represented by a contribution of the weak H-bonded spectrum of the asymmetric
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Figure 6 The amplitudes (A) and frequency (B) resulting for fits to Im D() for all four ionenes as a function of concentration.
solvated Br− ion, as was observed in the OKE of NaBr solutions (at higher concentrations than 1 M).71  It can certainly be concluded that the ionene chain itself does not significantly perturb the spectrum, and the small effects that are observed should be assigned to the counterion.

CONCLUSION
The ultrafast OKE has been used to measure polarisability anisotropy relaxation in four aqueous x,yX−ionene solutions. Ionenes were selected to allow us to tune independently hydrophobic and hydrophilic interactions by selecting different x,y and X−. On the picosecond timescale a very slow relaxation (longer than could be accurately determined) was observed to increase in amplitude with increasing ionene concentration. This was assigned to a contribution of the ionene chain (including its ionic atmosphere) to the relaxation. The two faster components could be assigned to H-bond dynamics of the aqueous solvent.  These dynamics slowed in the presence of the solute, but remained sub-picosecond. Further there was no evidence that increasing the hydrophobic chain length led to a significant slowing down in the water dynamics. The largest effect was ascribed to hydrophilic interactions between ions and water.  Data on the sub-picosecond timescale were converted to the frequency domain, and revealed the well know bimodal structure assigned to H-bond bending and stretching modes.  This structure is remarkably persistent, being essentially unperturbed by the ionene chain, and only weakly perturbed by the Br− anion.

Acknowledgements We are grateful to EPSRC for financial support (GR H025715/1 and EP/J009148/1). We thank M. Seručnik for the help with the sample preparation and characterization.  B. H. L. acknowledges the support of the Slovenian Research Agency through Grant (P1-0103-0201 and J1-0103-4148).



References
[bookmark: _ENREF_1]	(1)	Chandler, D.: Interfaces and the driving force of hydrophobic assembly. Nature 2005, 437, 640-647.
[bookmark: _ENREF_2]	(2)	Whitesides, G. M.; Krishnamurthy, V. M.: Designing ligands to bind proteins. Q. Rev. Biophys. 2005, 38, 385-395.
[bookmark: _ENREF_3]	(3)	Jang, H.; Zheng, J.; Nussinov, R.: Models of beta-amyloid ion channels in the membrane suggest that channel formation in the bilayer is a dynamic process. Biophysical Journal 2007, 93, 1938-1949.
[bookmark: _ENREF_4]	(4)	Hussain, H.; Tan, B. H.; Seah, G. L.; Liu, Y.; He, C. B.; Davis, T. P.: Micelle Formation and Gelation of (PEG P(MA-POSS)) Amphiphilic Block Copolymers via Associative Hydrophobic Effects. Langmuir 2010, 26, 11763-11773.
[bookmark: _ENREF_5]	(5)	Southall, N. T.; Dill, K. A.; Haymet, A. D. J.: A view of the hydrophobic effect. J. Phys. Chem. B 2002, 106, 521-533.
[bookmark: _ENREF_6]	(6)	Frank, H. S.; Evans, M. W.: Free Volume and Entropy in Condensed Systems .3. Entropy in Binary Liquid Mixtures - Partial Molal Entropy in Dilute Solutions - Structure and Thermodynamics in Aqueous Electrolytes. Journal of Chemical Physics 1945, 13, 507-532.
[bookmark: _ENREF_7]	(7)	Finney, J. L.; Bowron, D. T.; Daniel, R. M.; Timmins, P.; Roberts, M. A.: Molecular and mesoscale structures in hydrophobically driven aqueous solutions. Biophys. Chem. 2003, 105, 391-409.
[bookmark: _ENREF_8]	(8)	Davis, J. G.; Gierszal, K. P.; Wang, P.; Ben-Amotz, D.: Water structural transformation at molecular hydrophobic interfaces. Nature 2012, 491, 582-585.
[bookmark: _ENREF_9]	(9)	Galamba, N.: Water Tetrahedrons, Hydrogen-Bond Dynamics, and the Orientational Mobility of Water around Hydrophobic Solutes. J. Phys. Chem. B 2014, 118, 4169-4176.
[bookmark: _ENREF_10]	(10)	Rezus, Y. L. A.; Bakker, H. J.: Observation of immobilized water molecules around hydrophobic groups. Physical Review Letters 2007, 99, 4.
[bookmark: _ENREF_11]	(11)	Bakulin, A. A.; Pshenichnikov, M. S.; Bakker, H. J.; Petersen, C.: Hydrophobic Molecules Slow Down the Hydrogen-Bond Dynamics of Water. J. Phys. Chem. A 2011, 115, 1821-1829.
[bookmark: _ENREF_12]	(12)	Tielrooij, K.-J.; Hunger, J.; Buchner, R.; Bonn, M.; Bakker, H. J.: Influence of Concentration and Temperature on the Dynamics of Water in the Hydrophobic Hydration Shell of Tetramethylurea. J. Am. Chem. Soc. 2010, 132, 15671-15678.
[bookmark: _ENREF_13]	(13)	van der Post, S. T.; Scheidelaar, S.; Bakker, H. J.: Water Dynamics in Aqueous Solutions of Tetra-n-alkylammonium Salts: Hydrophobic and Coulomb Interactions Disentangled. J. Phys. Chem. B 2013, 117, 15101-15110.
[bookmark: _ENREF_14]	(14)	Stirnemann, G.; Sterpone, F.; Laage, D.: Dynamics of Water in Concentrated Solutions of Amphiphiles: Key Roles of Local Structure and Aggregation. J. Phys. Chem. B 2011, 115, 3254-3262.
[bookmark: _ENREF_15]	(15)	Laage, D.; Stirnemann, G.; Hynes, J. T.: Why Water Reorientation Slows without Iceberg Formation around Hydrophobic Solutes. J Phys Chem 2009, 113, 2428-2435.
[bookmark: _ENREF_16]	(16)	Qvist, J.; Halle, B.: Thermal signature of hydrophobic hydration dynamics. Journal of the American Chemical Society 2008, 130, 10345-10353.
[bookmark: _ENREF_17]	(17)	Duboue-Dijon, E.; Fogarty, A. C.; Laage, D.: Temperature Dependence of Hydrophobic Hydration Dynamics: From Retardation to Acceleration. J. Phys. Chem. B 2014, 118, 1574-1583.
[bookmark: _ENREF_18]	(18)	King, J. T.; Arthur, E. J.; Brooks, C. L., III; Kubarych, K. J.: Crowding Induced Collective Hydration of Biological Macromolecules over Extended Distances. Journal of the American Chemical Society 2014, 136, 188-194.
[bookmark: _ENREF_19]	(19)	King, J. T.; Arthur, E. J.; Brooks, C. L., III; Kubarych, K. J.: Site-Specific Hydration Dynamics of Globular Proteins and the Role of Constrained Water in Solvent Exchange with Amphiphilic Cosolvents. Journal of Physical Chemistry B 2012, 116, 5604-5611.
[bookmark: _ENREF_20]	(20)	Sterpone, F.; Stirnemann, G.; Laage, D.: Magnitude and Molecular Origin of Water Slowdown Next to a Protein. Journal of the American Chemical Society 2012, 134, 4116-4119.
[bookmark: _ENREF_21]	(21)	Luksic, M.; Buchner, R.; Hribar-Lee, B.; Vlachy, V.: Dielectric Relaxation Spectroscopy of Aliphatic Ionene Bromides and Fluorides in Water: The Role of the Polyion's Charge Density and the Nature of the Counterions. Macromolecules 2009, 42, 4337-4342.
[bookmark: _ENREF_22]	(22)	Druchok, M.; Vlachy, V.; Dill, K. A.: Computer Simulations of Ionenes, Hydrophobic Ions with Unusual Solution Thermodynamic Properties. The Ion-Specific Effects. J. Phys. Chem. B 2009, 113, 14270-14276.
[bookmark: _ENREF_23]	(23)	Malikova, N.; Cebasek, S.; Glenisson, V.; Bhowmik, D.; Carrot, G.; Vlachy, V.: Aqueous solutions of ionenes: interactions and counterion specific effects as seen by neutron scattering. PCCP Phys. Chem. Chem. Phys. 2012, 14, 12898-12904.
[bookmark: _ENREF_24]	(24)	Casson, D.; Rembaum, A.: Solution properties of novel polyelectrolytes. Macromolecules 1972, 5, 75-&.
[bookmark: _ENREF_25]	(25)	Li, Z. M.; Zhang, X. X.; Chen, Y. P.; Zhong, Y. Z.: Hydrophobic interaction of ionenes in aqueous-solution. Macromolecules 1992, 25, 450-453.
[bookmark: _ENREF_26]	(26)	Lum, K.; Chandler, D.; Weeks, J. D.: Hydrophobicity at small and large length scales. Journal of Physical Chemistry B 1999, 103, 4570-4577.
[bookmark: _ENREF_27]	(27)	Lotshaw, W. T.; McMorrow, D.; Thantu, N.; Melinger, J. S.; kitchenhak, R.: Journal of Raman Spectroscopy 1995, 26, 571.
[bookmark: _ENREF_28]	(28)	Kinoshita, S.; Kai, Y.; Ariyoshi, T.; Shimada, Y.: Low frequency modes probed by time-domain optical Kerr effect spectroscopy. International Journal of Modern Physics B 1996, 10, 1229-1272.
[bookmark: _ENREF_29]	(29)	Righini, R.: Ultrafast Optical Kerr-Effect in Liquids and Solids. Science 1993, 262, 1386-1390.
[bookmark: _ENREF_30]	(30)	Smith, N. A.; Meech, S. R.: Optically heterodyne Detected Optical Kerr Effect (OHD-OKE): Application in Condensed phase dynamics. International Reviews in Physical Chemistry 2002, 21, 75-100.
[bookmark: _ENREF_31]	(31)	Loughnane, B. J.; Scodinu, A.; Fourkas, J. T.: Temperature-dependent optical Kerr effect spectroscopy of aromatic liquids. Journal of Physical Chemistry B 2006, 110, 5708-5720.
[bookmark: _ENREF_32]	(32)	Zhong, Q.; Fourkas, J. T.: Optical Kerr Effect Spectroscopy of Simple Liquids. Journal of Physical Chemistry B 2008, 112, 15529-15539.
[bookmark: _ENREF_33]	(33)	Shirota, H.; Fujisawa, T.; Fukazawa, H.; Nishikawa, K.: Ultrafast Dynamics in Aprotic Molecular Liquids: A Femtosecond Raman-Induced Kerr Effect Spectroscopic Study. Bulletin of the Chemical Society of Japan 2009, 82, 1347-1366.
[bookmark: _ENREF_34]	(34)	Heisler, I. A.; Meech, S. R.: Polarization-Resolved Ultrafast Polarizability Relaxation in Polar Aromatic Liquids. J. Phys. Chem. B 2008, 112, 12976-12984.
[bookmark: _ENREF_35]	(35)	Shirota, H.; Yoshihara, K.; Smith, N. A.; Lin, S. J.; Meech, S. R.: Deuterium isotope effects on ultrafast polarisability anisotropy relaxation in methanol. Chem. Phys. Lett. 1997, 281, 27-34.
[bookmark: _ENREF_36]	(36)	Hunt, N. T.; Turner, A. R.; Tanaka, H.; Wynne, K.: The ultrafast dynamics of hydrogen-bonded liquids: Molecular structure-dependent occurrence of normal arrhenius or fractional stokes-einstein-debye rotational diffusive relaxation. Journal of Physical Chemistry B 2007, 111, 9634-9643.
[bookmark: _ENREF_37]	(37)	Torre, R.; Bartolini, P.; Righini, R.: Structural relaxation in supercooled water by time-resolved spectroscopy. Nature 2004, 428, 296-299.
[bookmark: _ENREF_38]	(38)	Winkler, K.; Lindner, J.; Bursing, H.; Vohringer, P.: Ultrafast Raman-induced Kerr-effect of water: Single molecule versus collective motions. Journal of Chemical Physics 2000, 113, 4674-4682.
[bookmark: _ENREF_39]	(39)	Farrer, R. A.; Fourkas, J. T.: Orientational dynamics of liquids confined in nanoporous sol- gel glasses studied by optical Kerr effect spectroscopy. Accounts Chem. Res. 2003, 36, 605-612.
[bookmark: _ENREF_40]	(40)	Loughnane, B. J.; Farrer, R. A.; Scodinu, A.; Reilly, T.; Fourkas, J. T.: Ultrafast spectroscopic studies of the dynamics of liquids confined in nanoporous glasses. J. Phys. Chem. B 2000, 104, 5421-5429.
[bookmark: _ENREF_41]	(41)	Scodinu, A.; Fourkas, J. T.: Intermolecular dynamics and structure of carbon disulfide in isoviscous alkane solutions: An optical Kerr effect study. J. Phys. Chem. B 2003, 107, 44-51.
[bookmark: _ENREF_42]	(42)	Scodinu, A.; Fourkas, J. T.: Reorientational dynamics of water confined in nanopores. In Dynamics and Friction in Submicrometer Confining Systems, 2004; Vol. 882; pp 193-204.
[bookmark: _ENREF_43]	(43)	Shirota, H.: Comparison of Low-Frequency Spectra between Aromatic and Nonaromatic Cation Based Ionic Liquids Using Femtosecond Raman-Induced Kerr Effect Spectroscopy. ChemPhysChem 2012, 13, 1638-1648.
[bookmark: _ENREF_44]	(44)	Shirota, H.; Funston, A. M.; Wishart, J. F.; Castner, E. W.: Ultrafast dynamics of pyrrolidinium cation ionic liquids. J. Chem. Phys. 2005, 122.
[bookmark: _ENREF_45]	(45)	Shirota, H.; Wishart, J. F.; Castner, E. W.: Intermolecular interactions and dynamics of room temperature ionic liquids that have silyl- and siloxy-substituted imidazolium cations. J. Phys. Chem. B 2007, 111, 4819-4829.
[bookmark: _ENREF_46]	(46)	Giraud, G.; Gordon, C. M.; Dunkin, I. R.; Wynne, K.: The effects of anion and cation substitution on the ultrafast solvent dynamics of ionic liquids: A time-resolved optical Kerr-effect spectroscopic study. J. Chem. Phys. 2003, 119, 464-477.
[bookmark: _ENREF_47]	(47)	Turton, D. A.; Sonnleitner, T.; Ortner, A.; Walther, M.; Hefter, G.; Seddon, K. R.; Stana, S.; Plechkova, N. V.; Buchner, R.; Wynne, K.: Structure and dynamics in protic ionic liquids: A combined optical Kerr-effect and dielectric relaxation spectroscopy study. Faraday Discuss. 2012, 154, 145-153.
[bookmark: _ENREF_48]	(48)	Giraud, G.; Karolin, J.; Wynne, K.: Low-frequency modes of peptides and globular proteins in solution observed by ultrafast OHD-RIKES Spectroscopy. Biophysical Journal 2003, 85, 1903-1913.
[bookmark: _ENREF_49]	(49)	Mazur, K.; Heisler, I. A.; Meech, S. R.: Water Dynamics at Protein Interfaces: Ultrafast Optical Kerr Effect Study. J. Phys. Chem. A 2012, 116, 2678-2685.
[bookmark: _ENREF_50]	(50)	Gottke, S. D.; Brace, D. D.; Cang, H.; Bagchi, B.; Fayer, M. D.: Liquid Crystal Dynamics in the Isotropic Phase. J. Chem. Phys. 2002, 116, 360-388.
[bookmark: _ENREF_51]	(51)	Li, J.; Wang, I.; Fayer, M. D.: Ultrafast to slow orientational dynamics of a homeotropically aligned nematic liquid crystal. J. Phys. Chem. B 2005, 109, 6514-6519.
[bookmark: _ENREF_52]	(52)	Hunt, N. T.; Jaye, A. A.; Hellman, A.; Meech, S. R.: Ultrafast dynamics of styrene microemulsions, polystyrene nanolatexes, and structural analogues of polystyrene. J. Phys. Chem. B 2004, 108, 100-108.
[bookmark: _ENREF_53]	(53)	Hunt, N. T.; Jaye, A. A.; Meech, S. R.: Ultrafast dynamics in microemulsions: Optical Kerr effect study of the dispersed oil phase in a carbon disulride- dodecyltrimethylammonium bromide-water microemulsion. J. Phys. Chem. B 2003, 107, 3405-3418.
[bookmark: _ENREF_54]	(54)	Hunt, N. T.; Jaye, A. A.; Meech, S. R.: Ultrafast dynamics in complex fluids observed through the ultrafast optically-heterodyne-detected optical-Kerr-effect (OHD-OKE). Physical Chemistry Chemical Physics 2007, 9, 2167-2180.
[bookmark: _ENREF_55]	(55)	Fecko, C. J.; Eaves, J. D.; Tokmakoff, A.: Isotropic and anisotropic Raman scattering from molecular liquids measured by spatially masked optical Kerr effect spectroscopy. J. Chem. Phys. 2002, 117, 1139-1154.
[bookmark: _ENREF_56]	(56)	Frenkel, D.; McTague, J. P.: J. Chem. Phys. 1980, 72, 2801.
[bookmark: _ENREF_57]	(57)	Elola, M. D.; Ladanyi, B. M.: Polarizability response in polar solvents: Molecular-dynamics simulations of acetonitrile and chloroform. J. Chem. Phys. 2005, 122.
[bookmark: _ENREF_58]	(58)	Elola, M. D.; Ladanyi, B. M.: Molecular Dynamics Study of Polarizability Anosotropy Relaxation in Aromatic Liquids and Its Connection with Local Structure. J. Phys. Chem. B 2006, 110, 15525 - 15541.
[bookmark: _ENREF_59]	(59)	Ladanyi, B. M.; Keyes, T.: Intensity of Light Scattered by Liquid Cs2. J. Chem. Phys. 1978, 68, 3217-3221.
[bookmark: _ENREF_60]	(60)	Ladanyi, B. M.; Klein, S.: Contributions of rotation and translation to polatizability anisotropy and solvation dynamics in acetonitrile. J. Chem. Phys. 1996, 105, 1552-1561.
[bookmark: _ENREF_61]	(61)	Ladanyi, B. M.; Liang, Y. Q.: Interaction induced contributions to polarizability anisotropy relaxation in polar liquids. J. Chem. Phys. 1995, 103, 6325-6332.
[bookmark: _ENREF_62]	(62)	Stassen, H.; Dorfmuller, T.; Ladanyi, B. M.: Molecular-Dynamics Simulations of the Depolarized Light-Scattering Spectra of Liquid Ocs in Comparison with Experiment and Simulations of Co2 and Cs2. J. Chem. Phys. 1994, 100, 6318-6330.
[bookmark: _ENREF_63]	(63)	Lupi, L.; Comez, L.; Paolantoni, M.; Perticaroli, S.; Sassi, P.; Morresi, A.; Ladanyi, B. M.; Fioretto, D.: Hydration and Aggregation in Mono- and Disaccharide Aqueous Solutions by Gigahertz-to-Terahertz Light Scattering and Molecular Dynamics Simulations. J. Phys. Chem. B 2012, 116, 14760-14767.
[bookmark: _ENREF_64]	(64)	Milischuk, A. A.; Ladanyi, B. M.: Structure and dynamics of water confined in silica nanopores. J. Chem. Phys. 2011, 135.
[bookmark: _ENREF_65]	(65)	Milischuk, A. A.; Ladanyi, B. M.: Polarizability Anisotropy Relaxation in Nanoconfinement: Molecular Simulation Study of Acetonitrile in Silica Pores. J. Phys. Chem. B 2013, 117, 15729-15740.
[bookmark: _ENREF_66]	(66)	Murphy, W. F.: Rayleigh Depolarization Ratio and Rotational Raman-Spectrum of Water-Vapor and Polarizability Components for Water Molecule. Journal of Chemical Physics 1977, 67, 5877-5882.
[bookmark: _ENREF_67]	(67)	Fecko, C. J.; Eaves, J. D.; Tokmakoff, A.: Isotropic and anisotropic Raman scattering from molecular liquids measured by spatially masked optical Kerr effect spectroscopy. J Chem Phys 2002, 117, 1139-1154.
[bookmark: _ENREF_68]	(68)	Watanabe, J.; Tohji, M.; Ohtsuka, E.; Miyake, Y.; Kinoshita, S.: Direct comparison of the temperature dependence of the response functions measured by light scattering and optical Kerr effect spectroscopy. Chemical Physics Letters 2004, 396, 232-237.
[bookmark: _ENREF_69]	(69)	Ohmine, I.; Tanaka, H.: Fluctuation, Relaxations, and Hydration in Liquid Water - Hydrogen-Bond Rearrangement Dynamics. Chemical Reviews 1993, 93, 2545-2566.
[bookmark: _ENREF_70]	(70)	Saito, S.; Ohmine, I.: Third order nonlinear response of liquid water. Journal of Chemical Physics 1997, 106, 4889-4893.
[bookmark: _ENREF_71]	(71)	Heisler, I. A.; Mazur, K.; Meech, S. R.: Low-Frequency Modes of Aqueous Alkali Halide Solutions: An Ultrafast Optical Kerr Effect Study. Journal of Physical Chemistry B 2011, 115, 1863-1873.
[bookmark: _ENREF_72]	(72)	Turton, D. A.; Hunger, J.; Hefter, G.; Buchner, R.; Wynne, K.: Glasslike behavior in aqueous electrolyte solutions. Journal of Chemical Physics 2008, 128.
[bookmark: _ENREF_73]	(73)	Mazur, K.; Heisler, I. A.; Meech, S. R.: THz Spectra and Dynamics of Aqueous Solutions Studied by the Ultrafast Optical Kerr Effect. Journal of Physical Chemistry B 2011, 115, 2563-2573.
[bookmark: _ENREF_74]	(74)	Mazur, K.; Heisler, I. A.; Meech, S. R.: Ultrafast Dynamics and Hydrogen-Bond Structure in Aqueous Solutions of Model Peptides. Journal of Physical Chemistry B 2010, 114, 10684-10691.
[bookmark: _ENREF_75]	(75)	Zhang, R.; Zhuang, W.: Effect of Ion Pairing on the Solution Dynamics Investigated by the Simulations of the Optical Kerr Effect and the Dielectric Relaxation Spectra. J. Phys. Chem. B 2013, 117, 15395-15406.
[bookmark: _ENREF_76]	(76)	Zhang, R.; Zhuang, W.: Cation effect in the ionic solution optical Kerr effect measurements: A simulation study. J. Chem. Phys. 2014, 140.
[bookmark: _ENREF_77]	(77)	Elola, M. D.; Ladanyi, B. M.: Computational study of structural and dynamical properties of formamide-water mixtures. J. Chem. Phys. 2006, 125.
[bookmark: _ENREF_78]	(78)	Elola, M. D.; Ladanyi, B. M.: Intermolecular polarizability dynamics of aqueous formamide liquid mixtures studied by molecular dynamics simulations. J. Chem. Phys. 2007, 126.
[bookmark: _ENREF_79]	(79)	Mazur, K.; Heisler, I. A.; Meech, S. R.: Aqueous solvation of amphiphilic solutes: concentration and temperature dependent study of the ultrafast polarisability relaxation dynamics. PCCP Phys. Chem. Chem. Phys. 2012, 14, 6343-6351.
[bookmark: _ENREF_80]	(80)	Taschin, A.; Bartolini, P.; Marcelli, A.; Righini, R.; Torre, R.: A comparative study on bulk and nanoconfined water by time-resolved optical Kerr effect spectroscopy. Faraday Discuss. 2013, 167, 293-308.
[bookmark: _ENREF_81]	(81)	Laage, D.; Hynes, J. T.: A molecular jump mechanism of water reorientation. Science 2006, 311, 832-835.
[bookmark: _ENREF_82]	(82)	Perticaroli, S.; Comez, L.; Paolantoni, M.; Sassi, P.; Morresi, A.; Fioretto, D.: Extended Frequency Range Depolarized Light Scattering Study of N-Acetyl-leucine-methylamide-Water Solutions. J. Am. Chem. Soc. 2011, 133, 12063-12068.
[bookmark: _ENREF_83]	(83)	Cebasek, S.; Serucnik, M.; Vlachy, V.: Presence of Hydrophobic Groups May Modify the Specific Ion Effect in Aqueous Polyelectrolyte Solutions. J. Phys. Chem. B 2013, 117, 3682-3688.
[bookmark: _ENREF_84]	(84)	Luksic, M.; Hribar-Lee, B.; Vlachy, V.: Interplay of Ion-Specific and Charge-Density Effects in Aqueous Solutions of Weakly Charged Ionenes as Revealed by Electric-Transport Measurements. J. Phys. Chem. B 2010, 114, 10401-10408.
[bookmark: _ENREF_85]	(85)	McMorrow, D.; Thantu, N.; Kleiman, V.; Melinger, J. S.; Lotshaw, W. T.: Analysis of intermolecular coordinate contributions to third- order ultrafast spectroscopy of liquids in the harmonic oscillator limit. J. Phys. Chem. A 2001, 105, 7960-7972.
[bookmark: _ENREF_86]	(86)	Ohmine, I.; Saito, S.: Water dynamics: Fluctuation, relaxation, and chemical reactions in hydrogen bond network rearrangement. Accounts of Chemical Research 1999, 32, 741-749.
[bookmark: _ENREF_87]	(87)	Benassi, P.; Mazzacurati, V.; Nardone, M.; Ricci, M. A.; Ruocco, G.; Desantis, A.; Frattini, R.; Sampoli, M.: Raman-Spectra of Water in the Translational and Librational Region .2. Temperature Evolution of the Isotropic Component. Molecular Physics 1987, 62, 1467-1481.
[bookmark: _ENREF_88]	(88)	Desantis, A.; Frattini, R.; Sampoli, M.; Mazzacurati, V.; Nardone, M.; Ricci, M. A.; Ruocco, G.: Raman-Spectra of Water in the Translational and Librational Regions .1. Study of the Depolarization Ratio. Molecular Physics 1987, 61, 1199-1212.
[bookmark: _ENREF_89]	(89)	Ricci, M. A.; Signorelli, G.; Mazzacurati, V.: Raman-Spectra of Water in the Translational and Librational Regions. Journal of Physics-Condensed Matter 1990, 2, Sa183-Sa187.
[bookmark: _ENREF_90]	(90)	Skaf, M. S.; Vechi, S. M.: Polarizability anisotropy relaxation in pure and aqueous dimethylsulfoxide. Journal of Chemical Physics 2003, 119, 2181-2187.
[bookmark: _ENREF_91]	(91)	Bucaro, J. A.; Litovitz, T. A.: Rayleigh Scattering - Collisional Motions in Liquids. Journal of Chemical Physics 1971, 54, 3846-&.
[bookmark: _ENREF_92]	(92)	Chang, Y. J.; Castner, E. W.: Fast responses from slowly relaxing liquids - a comparative-study of the femtosecond dynamics of triacetin, ethylene-glycol, and water. Journal of Chemical Physics 1993, 99, 7289-7299.




ToC Figure
[image: ]
8

oleObject1.bin

image3.wmf
)

(

)}

(

{

)}

(

{

2

w

t

t

D

G

FT

S

FT

OKE

=


oleObject2.bin

image4.emf
0.0 0.2 0.4 0.6 0.8 1.0

0.00

0.02

0.04

0.06

0.94

0.96

0.98

1.00

 

 

3,3F

-

6,9F

-

3,3Br

-

6,9Br

-

Amplitude (arb. units)

Concentration (M)


image5.wmf
1

=

å

i

i

a


oleObject3.bin

image6.wmf
(

)

(

)

2

1

2

2

1

1

a

a

a

a

+

+

=

t

t

t


oleObject4.bin

image7.emf
0.0 0.2 0.4 0.6 0.8 1.0

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

Ionene/H

2

O

H

2

O

3,3F

-

6,9F

-

3,3Br

-

6,9Br

-

TMABr

-

<



> (ps)

Concentration (M)


image8.emf
0.0 0.2 0.4 0.6 0.8 1.0

1E-5

1E-4

1E-3

0.01

0.1

1

6,9Br

-

 Ionene

 H

2

O

 0.1M

 0.3M

 0.5M

 0.7M

 1.0M

Normalized Amplitude

Time (ps)


image9.emf
0 100 200 300 400 500

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

6,9Br

-

 Ionene

 H

2

O

 0.1M

 0.3M

 0.5M

 0.7M

 1.0M

Im{D(



)}

wavenumber (cm

-1

)


image10.wmf
)]

/

(

exp[

BL

BL

BL

A

I

w

w

w

a

-

=


oleObject5.bin

image11.wmf
(

)

(

)

(

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

ú

ú

û

ù

ê

ê

ë

é

D

+

-

-

ú

ú

û

ù

ê

ê

ë

é

D

-

-

=

-

-

2

1

2

2

1

2

2

ln

2

2

exp

2

ln

2

2

exp

ASG

ASG

ASG

ASG

ASG

ASG

A

I

w

w

w

w

w

w


oleObject6.bin

image12.gif
[y





image13.emf
0.0 0.2 0.4 0.6 0.8 1.0

0.03

0.04

0.05

0.06

0.07

0.08

0.09

 

  Ionene/H

2

O

H

2

O

3,3F

-

6,9F

-

3,3Br

-

6,9Br

-

TMABr

-

Amplitude (arb. unit)

Concentration (M)

AS

BL


image14.emf
0.0 0.2 0.4 0.6 0.8 1.0

0

12

24

36

48

168

171

174

177

180

 

  Ionene/H

2

O

H

2

O

3,3F

-

6,9F

-

3,3Br

-

6,9Br

-

TMABr

-



 (wavenumber)

Concentration (M)

BL

AS


image15.emf
0 5 10 15 20

Time (ps)

HYDROPHOBIC 

HYDRATION


image1.emf
0 5 10 15 20

1E-5

1E-4

1E-3

0.01

0.1

1

6,9Br

-

 Ionene

 H

2

O

 0.1M

 0.3M

 0.5M

 0.7M

 1.0M

Normalized Amplitude

Time (ps)


image2.wmf
)]

/

exp(

1

)][

/

exp(

)

(

r

i

i

i

t

t

a

t

r

t

t

-

-

-

å

=


