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We would like to discuss a few points related to an
teresting recent publication.1

~1! We point out some misunderstanding of our rec
work2 about which the authors of Ref. 1 wrote: ‘‘In a rece
calculation on dilute electrolyte solutions Gaiduket al. used
the plasma frequencyvp as a frequency standard of ind
vidual ion motion. They showed~in Ref. 2! that the far-
infrared ~FIR! absorption by the ion motion became ve
large at the frequency nearvp . ’’

On the contrary, as a matter of fact it was shown in R
2 that the calculated contribution to dielectric loss of ion
oscillating between the two perfectly reflecting walls, a
proximates to the standard value determined by thestatic
conductivityof ions. Our calculation, made by taking int
account the frequency dependence of the conductivity, sh
that in the FIR spectral rangereally the contribution of ions
may become small as compared with the loss due to
reorienting~polar! water molecules.

For example, we picture in Fig. 1 by solid curves t
loss e9~n! and absorptiona~n! spectra calculated in Ref.
~Fig. 6! for NaCl–water solution~concentration 0.5 mol/l!.
At microwaves, viz. for@0.1,n/cm21,1#, the e9~n! curve
@see Fig. 1~a!# comprises a shoulder, while in the FIR ran
it exhibits two maxima. They correspond to the translatio
~near 200 cm21! and librational~near 700 cm21! absorption
peaks. The frequency dependences~n! of the ionic conduc-
tivity affects calculated spectra only at large ratiot ion /t,
wheret ion andt are, respectively, the lifetimes of ions and
reorienting water molecules. It is seen in Figs. 1~a!, 1~c!, and
1~d!, that a noticeable distinction between the spectra ca
lated with ~solid curves! or without ~dashed curves! account
of the s~n! dispersion may arise at millimeter/submillimet
wavelengths, if thet ion /t510, while att ion't the effect of
the s~n! dispersion on thee* ~n!, a~n! dependencies disap
pears. Therefore, if we set the ionic conductivity to be eq
9450021-9606/2003/118(20)/9457/2/$20.00
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to the static valuess ~see dashed curves!, then the theoretica
curve will agree with the experimental curve only at lo
frequencies~up to n'2 cm21! and in the FIR region. Note
that if we employ the Debye frequency dependence inst
of that elaborated for the rectangular-well potential, then
theory cannot describe the FIR spectra, see dotted curve
Fig. 1~a! and 1~c!.

~2! Dodo et al. arrive in Ref. 1 at a true conclusion tha
‘‘the plasma oscillation is not excited in the highly conce
trated electrolyte solutions’’ in the 10–50 cm21 range inves-

FIG. 1. Frequency dependencies of dielectric loss~a!, ~c! and of absorption
coefficient~b!, ~d! calculated for NaCl–water solution at concentration 0
mol/l, temperature 20 °C. Other explanations are given in the text.
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tigated experimentally in Ref. 1. We remark that this imp
tant negative conclusion could be foreseenwithout the
studies made by Dodoet al. in view of the experiments de
scribed previously, e.g., in Refs. 3–5, where no signs of
specific plasma oscillation were detected in the freque
region under interest.

~3! In our opinion, the most interesting result~and un-
fortunately, not properly emphasized in the work1! is ~cf.
Figs. 2 and 3 in Ref. 1! that an imaginary part of the refrac
tive index strongly decreasesunlike real part, when the elec-

FIG. 2. Frequency dependence calculated for the submillimeter wavele
region of the real@~a!,~b!# and imaginary@~c!,~d!# parts of the complex
permittivity. Solid lines—calculation for the composite hat curved
harmonic oscillator model, dashed lines—the experimental data—~Ref. 8!.
Dash–dot lines show the contributions to the calculated quantities du
stretching vibrations of an effective nonrigid dipole. The vertical lines
pertinent to the estimated frequencynDvib of the second stochastic proces
~a! and~c! refer to ordinary water and~b! and~d! to heavy water. Tempera
ture is 22.2 °C. The fitted parameters of the composite model were take
follows:

Water u b ~deg! f tor ~ps! tvib ~ps!

H2O 5.8 23 0.8 0.25 0.065
D2O 5.75 25 0.7 0.28 0.07

whereu is the potential-well depth over Boltzmann factorkBT ratio; b is the
angular width of the potential well;f is the form-factor, equal to the ratio o
the angles, corresponding to the flat part of the well to the whole width
the well;tor is a mean time of reorientations in the well;tvib is a mean time
of vibrations of two H-bonded water molecules.
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trolyte concentration of LiCl increases in aqueous solutio
The process of making and breaking of the hydrogen bo
in the solution possibly could determine this difference. In
any case, it is desirable to explain in the future this pheno
enon on a molecular level. In view of our recent works,6,7 the
second stochastic process connected with the vibration of
H-bonds reveals itself in the submillimeter waveleng
range. In particular, we suggest in Ref. 7 that a nonrig
dipole is formed in water, its chargedq being commensu-
rable with the chargee of electron. An account of vibrations
noticeably improves the agreement between the spectra
culated and recorded in thesubmillimeterwavelength range,
cf. the solid and dashed lines in Fig. 2, which we take fro
Ref. 7. Our theory would give a poor description of th
experiment,8 especially in the case of liquid D2O, if the
above-mentioned vibration is ignored.9 The vibrations’ con-
tributions to the dielectric loss shown in Figs. 2~c! and 2~d!
by dash–dot lines aresubstantial only in the submillimete
wavelength region. Since the vibration loss curve is almo
flat in this region, we conclude that thesecond stochastic
(vibration) process is over-damped. In view of this idea it is
natural to suggest thatinteraction of such a nonrigid dipole
with the ions of aqueous solution should drastically chan
the recorded loss in the frequency range from 10 to 50 cm21.
This argument is supported by the experimental results3 that
addition of an electrolyte to water corrupts, first of all, th
translational band~in the vicinity of 200 cm21! and then the
nearby submillimeter range, where the spectra are basic
determined by the specific interactions in water related to
hydrogen bonds.

~4! Finally, the difference~mentioned in Ref. 1! of the
plasma phenomena recorded experimentally at low frequ
cies and in the FIR regionappears to be very important. Th
property of aqueous solutions suggests that different mole
lar models should be worked out for thermal equilibrium a
for the submillimeter spectroscopy.
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