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J. Phys.: Condens. Matter 1 (1989) 8709-8720. Printed in the UK 

Reorientational relaxation of water molecules in LiCl 
solution studied by depolarised Rayleigh scattering 

N J Taot  and S M Lindsay$ 
Department of Physics, Arizona State University, Tempe, A Z  85287, USA 

Received 13 January 1989, in final form 3 May 1989 

Abstract. Brillouin scattering and depolarised Rayleigh scattering have been used to study 
the reorientational motion of the water molecules in the LiCl primary hydration shell. 
The relaxation time is found to be dependent on the LiCl concentration, varying from 
0.7 x lo-” s at 9 mol% to 1.8 x lo-” s at 36 mol%. The relaxation times at 26 mol% and 
36 mol% follow a simple Arrhenius relation with activation energies of 5.5 kcal mol-’ and 
6.3 kcal mol-’ respectively. The resultsare consistent withNMR studies, but not with dielectric 
measurements. Both the measured refractive index and the scattering intensity indicate that 
the electronic polarisability of the hydration shell also is dependent on ion concentration. 
The concentration dependence of the adiabaticcompressibility indicates a possible structural 
transition at about 20 mol%. 

1. Introduction 

Ionic hydration has been an important subject in physics and chemistry for a long 
time (Conway 1981; Enderby and Neilson 1981). It plays important roles not only 
in electrochemical processes, but also in biochemical and biophysical processes. For 
example, hydrated counter ions are regarded as an integral part of the fundamental 
molecule of life, DNA (Soumpasis et a1 1987). The dynamics of DNA are very important 
in the frequencies from a few GHz to a few hundred GHz (Lindsay et a1 1985), so the 
study of the dynamics of ionic hydration shells at these frequencies is essential for a full 
understanding of DNA dynamics. 

Ionic solutions are also important in their own right. They exhibit interesting glass 
transitions at low temperature (Angel1 and Sare 1970). Study of the dynamics of these 
ionic solutions may provide insight into glass transitions. We chose LiCl solution to study 
because its research literature is richer compared to that of other electrolyte solutions. 

Water molecules surrounding a charged ion are usually described in terms of a 
primary (A zone) and a secondary (B zone) hydration shell (Frank and Wen 1957). The 
primary hydration shell contains those water molecules whose structure is dominated 
by the ion, and which remain bound to it for times long compared with characteristic 
correlation times for motions of the bulk water. The secondary hydration shell consists 
of the water molecules that are weakly influenced by the ion. Since the water molecules 
in the secondary hydration shell are similar to bulk water, direct experimental study is 
difficult. Rather detailed structural features of the primary hydration shell of LiCl have 
t Present address: Department of Physics, The City College of the CUNY, New York, NY 10031, USA. 
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been revealed by neutron scattering (Enderby et a1 1973, Enderby and Neilson 1980), 
x-ray diffraction (e.g. Magini 1983), and molecular dynamic simulations (e.g. Clementi 
et a1 1976). A recent Raman study (Green et a1 1987) of the water O-H stretching bands 
in LiCl solution was used to probe the structure of the water molecules in LiCl solutions 
in terms of their tetrahedrally hydrogen bonded network. 

Dynamic properties of the hydration shell of LiC1, such as the residence time, 
reorientational relaxation time and self-diffusion coefficient of the water molecules in 
the ionic hydration shell have been studied by NMR (with the assistance of some structural 
models (Hertz 1973)). Dielectric relaxation measurements have been pursued (Pottel 
1973), but the results have been difficult to interpret. Recently, quasi-elastic neutron 
scattering has been able to measure not only the self-diffusion constants of the water 
molecules in the primary hydration shell, but also that of molecules in the secondary 
hydration shell (Hewish et a1 1982, 1983, Salmon 1987). The dynamics of the LiCl 
hydration shell has also been studied by Brillouin scattering, and it has been found that 
the acoustic wave in the solutions couples strongly with a relaxational process of the 
hydration shell (Tao and Lindsay 1988). In this paper, we report measurements of the 
reorientational relaxation of the water molecules in the primary hydration shell as 
studied by depolarised Rayleigh scattering. 

Reorientational relaxation of many molecular liquids has been studied by depo- 
larised Rayleigh scattering (Pinnow et a1 1968). Investigation of Rayleigh scattering in 
ionic solutions (Hsich et a1 1972) has appeared, but a study of the dynamics of the 
hydration shell has not been reported. Presumably, this is because depolarised Rayleigh 
scattering from the water molecules is very weak and it is difficult to resolve the spectrum 
with conventional Brillouin spectrometers. Recent development of the tandem multi- 
pass Fabry-Perot (Sandercock 1978, Lindsay et a1 1981) makes it easier to study the 
weak depolarised spectra of ionic solutions, and it also allows us to study the full Brillouin 
spectral shape (Tao and Lindsay 1988). 

The theory of depolarised light scattering by the molecules in liquids has been worked 
out for some years (Berne and Pecora 1976). The reorientational motions of water 
molecules in the liquid state have been studied by molecular dynamics simulations 
(Impey et a1 1982). It has been found that D, = D, (Di, i = x ,  y ,  z ,  are the elements of 
the rotational diffusion coefficients along the principal axes), and D, is about 30% 
smaller than D, or D,, so water molecules can be treated approximately as symmetric 
diffusors (the x axis is normal to the plane of a water molecule and the z axis bisects the 
bond angle in the plane). For symmetric diffusors, the depolarised Rayleigh scattering 
is given by (Berne and Pecora 1976) 

where N is the number of molecules per unit volume, ah2) = 1/(6)''2[3a,, - (a, + 
ayy + a,,)] = Am, afz) = (1/2)(axx - ay,). Using the polarisability components of 
water molecules in the vapour phase, and considering that D, is 30% larger than D,, we 
see that the second term of equation (1) describes a Lorentzian with an intensity of only 
20% of the first one, and a width which is 20% broader. This means the depolarised light 
scattering of water molecules is dominated by the first Lorentzian in equation (1). 
In fact, the measured spectrum of the depolarised Rayleigh light scattering of the 
reorientational relaxation of water molecules is well described by single Lorentzians 
(Montrose et a1 1974; Alitta et a1 1986). As we will see, the single Lorentzian approxi- 
mation works also for the depolarised light scattering of the water molecules in LiCl 
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solution. Equation (1) holds only for low particle concentration. This is because cross 
terms enter into the expression for the square of the polarisability fluctuations (Berne 
and Pecora 1976). When the correlations between scattering particles are significant (as 
may be the case at high ion concentrations here) ab2) in equation (1) (=Aa) must be 
replaced with 

A a '  = Aa[l + Nfl (2) 
wherefis a measure of the static correlation (relative to a) of a pair of particles (Berne 
and Pecora 1976). An effective diffusion constant is given by 

0: = D,  (1 + Ng)/(l + Nf)  (3) 
where g is a measure of the dynamic correlation between pairs of particles (Berne and 
Pecora 1976). Values for diffusion constants (or relaxation times) may be quite different 
from those determined by probes of single particle dynamics (such as NMR) at high 
concentrations. 

Of course, the reorientational relaxation of water molecules is not the only possible 
source of Rayleigh scattering in LiCl solutions. For example, ion diffusion and entropy 
fluctuations can also give rise to Rayleigh scattering. However, for the reasons given 
below, these processes do not contribute to the spectra we observe. 

2. Experiments 

VH depolarised Rayleigh spectra were taken on a nine-pass tandem Fabry-Perot inter- 
ferometer (Lindsay eta1 1981) using about 150 mW of the 5145 Aline of a Spectra Physics 
2020 argon-ion laser. VH means that the incident light is vertically polarised, while the 
scattered light is collected in horizontal polarisation. LiCl was purchased from J T Baker 
Chemical CO (purer than 99% by weight), and solutions were sealed in glass vials. The 
experiments were performed as a function of LiCl concentration, scattering angle and 
temperature in both H20  and D 2 0  LiCl solutions. The temperature was varied from 
0 "C to about 95 "C, and it was controlled to better than 0.5 "C. A residue of the 
instrumental response function is seen in the centre of our spectra. This corresponds to 
the tails of the response to elastic light. The full width at half height is much narrower, 
not exceeding 500MHz in this work, so we made no corrections for instrumental 
broadening. 

3. Results 

The depolarised Rayleigh spectra of 36 mol% LiCl solution (36 mol LiCl per hundred 
mol water molecules) taken in 90" (bottom) and 25" (top) scattering geometries are 
compared in figure 1. The former spectrum was fitted by a single central Lorentzian, 
while the latter shows not only a broad central mode, but also a longitudinal mode 
(marked by arrows) due to leaked vv component. By fitting the leaked scattering using 
the actual vv spectrum with an appropriate weighting, we were able to extract the broad 
central mode, which we then fitted with a single central Lorentzian. We found that the 
central Lorentzians in both scattering geometries have the same width (within the 
experimental uncertainty of about 10%). The width is about 9 GHz, corresponding to 
a relaxation time of 1.8 x lo-" s. It is wel! known that for a translational diffusion 
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Figure 1. Depolarised (VH) Rayleigh spectra of 
36mol% LiCl solution in 25" (top) and 90" 
(bottom) scattering geometries. The leaked longi- 
tudinal acoustic mode component is indicated by 
arrows. The dots are experimental spectra and the 
full curves are calculated spectra (as described in 
the text). 

process, the spectral width is proportional to q2,  where q = (4nn/il)sin(8/2); n is the 
refractive index of the solution, il is the wavelength of incident light and 8 is the scattering 
angle. Thus the independence of the central Lorentzian width on the scattering angle 
means that the scattering is not due to a thermal or other simple translational diffusion 
processes. 

Relative diffusion between anions and cations can give a q-vector-independent line 
width at small q (Berne and Pecora 1976). However, the ions are optically isotropic, so 
this process cannot give depolarised light scattering. We have found that the spectral 
line width decreases as the LiCl concentration increases, which is another piece of 
evidence that the scattering is unlikely to be due to relative ion diffusion; the theory 
(Berne and Pecora 1976) predicts an increase in width as ion concentration increases (Di 
decreases more slowly than a linear function of the ion concentration). Therefore we 
believe that the scattering is due to a reorientational relaxation of the water molecules 
in the hydration shell. 

A spectrum of LiCl36 mol% D,O solution was also taken in 90" scattering geometry, 
and it is compared with that of the H20  solution at same concentration in figure 2. The 
width of the spectrum of the D,O LiCl solution is somewhat narrower than that of the 
H 2 0  LiCl solution. Fitting the spectra with single Lorentzians, we find the width of the 
peak for the LiCl D 2 0  solution is about 30% narrower, so the relaxation time is about 
30% slower. The Debye relaxation time of D 2 0  is about 30% slower than that of 
H,O (Hasted 1971). This result further indicates that the scattering comes from the 
reorientational relaxation of the water molecules in the LiCl hydration shell. 

Figure 3 shows the VH spectra of the LiCl solution in a 90" scattering geometry as a 
function of LiCl concentration. We found that the linewidth decreases as the con- 
centration increases, corresponding to an increase in the reorientational relaxation time 

Figure 2. Depolarised (VH) Rayleigh spectra of 
36 mol% LiCl H 2 0  (top) and D,O (bottom) soh- 
tions in a 90" scattering geometry. The dots are 
experimental spectra, and the full curves are 
single Lorentzian fits. 
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Figure 3. Depolarised (VH) Rayleigh spectra of 
LiCl solutions of 36, 34, 30, 26, 20 and 14 mol% 
(from top to bottom) in 90" scattering geometry. 
The dots are experimental spectra, and the full 
curves are single Lorentzian fits. There is some vv 
leakage at low frequencies. 

from 0.7 X lo-" s at 9 mol% to about 1.8 X lo-" s at 36 mol%. The reorientational 
relaxation time to is plotted as a function of LiCl concentration in figure 4 (the reorien- 
tational relaxation time of bulk water at room temperature, zo = 0.2 x lo-" s,  is also 
shown as a full circle). As the solution is diluted from 36 to about 20 mol%, t decreases 
quite fast, then it approaches about 0.7 X lo-" s at 0 mol%. This may result from 
correlation effects in the light scattering, or it may be a consequence of modification of 
the ionic hydration shells as the ions interact. The asymptotic value, 0.7 x lo-" s,  
appears to be the relaxation time of an isolated ionic hydration shell. A molecular 
dynamics simulation at 26 mol% LiCl solution found that the rotational diffusion coef- 
ficient, D,, of the water molecules was about 1.1 X 1O1O s-l (Okada eta1 1983). Using the 
relation, t = 1/60,, the corresponding reorientational relaxation time is 1.4 x lo-" s. 
This is remarkably close to 1.5 X lo-" s measured by this work at the same con- 
centration. The reorientational relaxation time of water molecules in the LiCl primary 
hydration shell was also estimated from NMR data by Hertz et a1 (1973) and from 
theoretical considerations by Bockris and Saluja (1972). Both methods gave about 
1.5 x lo-" s. However, the relaxation time has not been reported as a function of 
concentration, so the value of 1.5 x lo-" s is presumably for an isolated hydration shell. 
This value is as twice large as our result of about 0.7 x lo-" s. 

VH Rayleigh spectra of 26 and 36 mol% LiCl solutions were taken as a function of 
temperature (figure 5). As we may expect, the width of the spectrum broadens as a 
result of increasing relaxation rate as temperature increases. Plotting ln(t)  obtained 

Figure 4. Reorientational relaxation time (+) of 
the water molecules in the LiCl primary hydration 
shell as a function of LiCl concentration. The dot 
represents the reorientational relaxation time of 
purewater (Montroseetall974, Alittaetal1986). 
The full curve is a guide for the eye. 
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Figure 5.  Depolarised (VH) Rayleigh spectra of 
36 mol% LiCl solution at various temperatures 
as indicated. The spectra were obtained in 90" 
scattering geometry. The dots are experimental 
data, and the full curves are single Lorentzian fits. - 50 0 50 

Frequency shlft ( G H d  Leaked vv components are marked by arrows. 

from these spectra as a function of 1/T in figure 6, we find that our data follow straight 
lines (open circles for the 26 mol% solution, and full circles for the 36 mol% solution), 
obeying the simple Arrhenius relation, t = zo eXp(AE/kBT), where zo is a constant, A E  
is the activation energy and kB is the Boltzman constant. The activation energies for the 
two solutions are 5.5 and 6.3 kcal mol-' respectively, more than twice the value for 
pure water (2.3 kcal mol-', Montrose et a1 1974). This indicates a significant difference 
between the structure of the water molecules in the ionic hydration shell and pure 
water. The activation energy of the reorientational relaxation process was estimated as 
4.7 kcal mol-' using proton magnetic relaxation measurements (Hertz 1973), a value 
comparable with our results. 

We have also obtained the adiabatic compressibility from Brillouin shifts, densities 
and refractive indexes at various concentrations. 

4. Discussion 

Below about 20 mol%, some of the water molecules are in the secondary hydration 
shell, thus one may expect that the water molecules in both states will contribute to the 
depolarised Rayleigh spectra. However, only a single Lorentzian is observed at all salt 
concentrations. This is probably due to the fact that the scattering from the secondary 
hydration shell is much weaker than that from the primary hydration shell. The water 
molecules in the secondary hydration shell are similar to bulk water, and it has been 
found that, in depolarised scattering, the scattering from reorientational relaxation of 
pure water is indeed very weak at room temperature (Montrose et a1 1974, Alitta et a1 
1986). We noticed that the signals from pure water are -100 times lower than the 
scattering from 36 mol% solution. Besides, water molecules (in bulk water) are expected 
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Figure 6 .  Arrhenius plots of the reorientational 
relaxation for 36 (full circles) and 26 mol% (open 
triangles) LiCl solutions. 

Figure 7. Ratios of relaxation time in solution to 
that in water for this work ( ro / rw ,  marked as +); 
for the intramolecular proton magnetic relaxation 
rate ((l/Tl)/(l/TIw), brokencurve) anddielectric 
relaxation time (tD/rDw, full curve) as a function 
of LiCl concentration (Pottel 1973). 

to relax at a much higher rate than those in the primary hydration shell, giving a much 
broader linewidth, (not distinguishable from the background). We should point out that 
the reorientational relaxation time of the secondary hydration shell is even faster (Pottel 
1973) than for pure water. In very dilute solutions (e.g. below 4 mol%), a depolarised 
Rayleigh spectrum might have to be decomposed into several components cor- 
responding to the water molecules from different hydration shells and free water states. 

Dielectric (Pottel 1973) and NMR (Hertz 1973) measurements have also been per- 
formed in LiCl aqueous solution at various LiCl concentrations. The dielectric relaxation 
time, tD, and the proton magnetic relaxation rate, l /Tl ,  are plotted with the reorien- 
tational relaxation time, to, measured by this work in figure 7. Note that all the relaxation 
times are normalised by the values for pure water. First of all, we notice that tD depends 
on the concentration in a very different way from to. As the concentration of LiCl 
increases, tD decreases quite rapidly and reaches a minimum of 0.75tD(H20),  and then 
rises to a value of 1.25tD(H20) at the saturation concentration (-36 mol%). Both tD 
and to  characterise the rotational correlation time of the molecules. According to 
Debye’s model, tD = 3to  (Debye 1929). A more general model gives to  6 tD 6 3 t o  
(Ivanov 1964). For pure water, zD is roughly 3 t  (Hasted 1971), the value obtained from 
the depolarised light scattering. The significant discrepancy between the dielectric 
relaxation time and the reorientational relaxation time in LiCl solutions indicates that 
the two experiments measure different processes. 

To compare our depolarised Rayleigh scattering with the proton magnetic relaxation 
measurement directly, it is necessary to have a relation between l/T1 and the reorien- 
tational relaxation time. Such a relation was discussed by Hertz (1973), and it depends 
on the structural model used for interpreting the data. However, he argued that the 
reorientational relaxation time increases as concentration increases. These results are 
in qualitative agreement with our light scattering results. 
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Figure 8. Integrated intensity of the depolarised 
Rayleigh scattering as a function of the number of 
LiCl ion pairs per unit volume. 
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Figure 9. Optical polarisability of a water mol- 
ecule in LiCl solution as a function of LiCl con- 
centration (see text for the calculation). The open 
squares are the calculated points, and the full 
curve is to guide the eye. 

The mechanism behind the discrepancy between the measurements of the dielectric 
relaxation time and the proton magnetic relaxation time has been a subject of debate 
(Pottell973, Frank and Wen 1957). Since our light scattering results agree qualitatively 
with proton magnetic relaxation experiments, these discussions are probably also valid 
for the discrepancy between the dielectric measurements and our light scattering studies, 
although, as we have pointed out, discrepancies may arise because of correlation effects 
in the light scattering (equation (3)). Frank and Wen (1957) interpreted the small 
dielectric relaxation time as a result of structural mismatch between the inner hydration 
sphere and the unperturbed water. The water molecules in this region have faster 
reorientational relaxation time as a consequence of the disruption of the hydrogen 
bonds. The mismatched region is regarded as the secondary hydration shell of the ions. 
Assuming the water molecules in the primary hydration shell do not contribute to the 
dielectric reorientational polarisation, a decrease of tD with increasing LiCl con- 
centration is to be expected. In contrast, both light scattering and proton magnetic 
relaxation measurements involve the water molecules in the hydration shell, leading to 
the opposite effect. However, such a picture has a difficulty for highly concentrated 
solutions, where the secondary hydration shell does not exist. In this case, other effects, 
such as ion pairs (Pottel 1973) may be involved. We note that Pottel's data have 
been reinterpreted because of the large contribution of conduction losses in highly 
concentrated solutions (Angel1 1983). More extensive data have just been published by 
Sridhar and Taborek (1988). The original interpretation of dielectric data (Pottell973) 
may not give reliable values for the structural relaxation time. 

The integrated intensity of the VH spectrum at 90" scattering angle is plotted in figure 
8 as a function of LiCl concentration. The intensity increases more rapidly than a linear 
function of the ion concentration. According to equation ( l ) ,  the integrated intensity is 
proportional to N(A(u)*, where N is the average number of water molecules in the 
hydration shell per unit volume, and A a  is the anisotropy of the optical polarisability of 
the water molecules. Assuming there are nh water molecules in a primary hydration 
shell, andN,,,ionpairsper unit volume, thenN = nhNion. Roughly, (Acu)2isproportional 
to the slope of the intensity-concentration plot, which is clearly concentration depen- 
dent. Thus we conclude that ALY is a function of the ion concentration. This effect may 
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Figure 10. Plot of reorientational relaxation time as function of shear viscosity, 17 

be attributed to the pair correlation effect as shown in equation (2). However, neutron 
scattering (Newsome et a1 1980) and other experiments indicate that the structure of the 
water molecules in the hydration shell is a strong function of ion concentration, so A a  
might well change. This explanation is supported by the refractive index data as discussed 
below. 

We have measured the refractive index of the solutions as a function of concentration 
using an Abbe refractometer. According to the Lorentz-Lorenz relation (Lorentz 1880, 
Lorenz 1880) 

(n2 - l) /(n2 + 2 )  = ( 4 ~ / 3 )  ( N w a w  + Nlonaion) (4) 

where n is the refractive index, N ,  and NI,, are numbers of water molecules and ions per 
unit volume respectively, a, and aion are the polarisabilities of a water molecule and an 
ion pair. Taking the polarisability of crystalline LiCl for mion, and using the density given 
by Washburn (Washburn 1929), we have calculated aw from the measured refractive 
index according to equation (2). aw is plotted as a function of LiCl concentration in 
figure 9. It increases from 1.47 A3 (the value for pure water) to 1.59 A3 at 36 mol%. Of 
course, the change in the calculated aw may not come just from the polarisability change 
of the water molecules; it is likely that both a, and aiOn are LiCl concentration dependent. 
But such a calculation of aw does tell us that the electronic structures of the ions and 
water molecules are influenced by the interionic interactions, a conclusion consistent 
with the intensity changes of the depolarised Rayleigh scattering. 

Debye’s model (Debye 1929) gives 

zo = 4nr3q/3kBT ( 5 )  

to = cq + to (6) 

where r is the radius of the molecules. A general relation (Bauer er a1 1974) is 

where to corresponds to the reorientational time of a free molecule, and Cis a constant 
that depends on boundary conditions. 

zoisplotted as afunction of q (Washburn 1929) in figure 10. The non-linear behaviour 
suggests that these simple relations do not hold in LiCl solution. This is probably due to 
the frequency dependence of q as indicated by the Brillouin scattering (Tao et all988). 
to was measured at GHz frequencies while the data for q were measured at zero 
frequency. Relations (3) and (4) may be correct if the relaxation time of q is much faster 
than to. 
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Figure 11. Adiabatic compressibility as a function 
of LiCl concentration (from Brillouin shifts (Tao 
and Lindsay 1988)). + are data points, and the 
full curve is a guide for the eye. The arrow marks 
a region of anomalous behaviour. 

The salt concentration dependence of the reorientational relaxation time and the 
anisotropy of the polarisability may be a result of either the increased effect of pair 
correlations on the light scattering, or a consequence of the effect of interionic inter- 
actions on the structure and dynamics of the ionic hydration shell. We cannot separate 
the relative contribution of the two effects, since no reliable data are available on 
the single-particle reorientational relaxation time over this range of concentrations. 
Nonetheless our Brillouin spectra (Tao and Lindsay 1988) and refractive index measure- 
ments indicate that changes in ionic hydration probably do make a significant con- 
tribution. Neutron scattering data show that the diffusion coefficient for water in the Li+ 
hydration shell is concentration dependent (Newsome et a1 1980). It has been found thzt 
the hydration number of LiCl increases from 3.3 at 18 mol% to 5.5 at 8 mol%. The 
coordinates of the water molecules also change with concentration (Eriderby and Neilson 
1980). Further evidence of structural change is seen in the adiabatic compressibility of 
the solutions which is plotted as a function of LiCl concentration in figure 11. It stiffens 
with increasing LiCl concentration, with the exception of a clear anomaly near 20 mol%, 
a concentration at which other interesting changes occur. This anomaly may indicate a 
structural change in the solution. 

Structural and dynamic properties of the DNA primary hydration shell have been 
studied by light scattering (Tao eta1 1988,1989). In contrast to LiCl solution, both the 
structural and dynamic properties of the DNA primary hydration shell are not sensitive 
to interhelical interactions. We may understand the difference between hydrated DNA 
and LiCl in this way: for DNA, only about a tenth of the phosphate groups of a double 
helix interact strongly with the phosphates of a neighbouring double helix (Lindsay et a1 
1988), so only the few water molecules that bind on these phosphates are influenced 
strongly by interhelical interactions; therefore the dynamics and structure of the DNA 
primary hydration shell are not very sensitive to DNA concentration. For LiCl, the 
hydrated ions are basically spherical, leaving no space for water molecules to 'hide'. 

5. Conclusions 

The reorientational relaxation time, to, of the water molecules in the LiCl primary 
hydration shell have been obtained by depolarised Rayleigh scattering. to  is a strong 
function of LiCl concentration, varying from 0.7 x lo-" s at 9 mol% to 1.8 x s at 
36 mol%. In deuterated solutions, t is about 30% slower than in ordinary solution, an 
observation that was also made in pure D 2 0  and H20.  The activation energies of 
36 mol% and 26 mol% are 6.3 and 5.5 kcal mol-l respectively, in good agreement with 
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an estimation based on proton magnetic relaxation. Our results are consistent with NMR 
studies, but not with dielectric measurements. 

The intensity of the depolarised Rayleigh scattering is much stronger than that of 
pure water, which suggests that the electronic polarisability of the water molecules is 
affected by charged ions. The increase of the intensity as the concentration increases 
may mean that the anisotropy of the molecular polarisability of the water molecules in 
the primary hydration shell is a function of LiCl concentration. This conclusion is 
supported by refractive index data. 
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