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Abstract

On our earth huge quantity of water exists in vapor form, liquid form and solid
form. In fact, seventy percent of the surface of earth is covered by ocean and a
large amount of ice still freezes in Antarctica. Anyway all living things cannot live
without water. Thus water has attracted much attention and many researchers
have investigated its unique and anomalous characters from various points of view.

In a field of spectroscopic study of water, Raman spectra have been widely
studied. Despite of its simple molecular structure, Raman spectra of water is
very complex. To interpret this complex spectra, many researchers have adopted
the interpretation based on a single water molecule and then considering Fermi
resonance between the O-H stretching mode and an overtone of the bending mode,
a combination band between the libration mode and the bending mode and so
on. But these conventional interpretations are lacking of a unified consideration
throughout all frequency regions.

In the present work we report a unified consideration between the high-frequency
Raman spectra which include intra-molecular vibration modes and the low-frequency
Raman spectra which include inter-molecular vibration modes on H,O, DO, H80,
DI¥O and the mixture of HoO and D,O. In this consideration we adopt a simple
model based on a tetrahedral configuration of 5 water molecules with the hydrogen-
bond (water pentamer model).

All Raman spectra were obtained by a four-slits double grating spectrometer(Jobin-
Ybon U1000). The exciting light source was an argon ion laser at a wavelength
of 488.0 nm. Raman spectra were reduced into the imaginary part of dynamical
susceptibility x” (w).

We measured low-frequency Raman spectra (0 ~250 ecm™!) of HyO and D20
at various concentrations, and fitted by the dielectric function of one MRT type
relaxation mode and two damped harmonic oscillator modes. The concentration
dependence of all parameters slightly change or scarcely change. The relaxation
time of D50 is always longer than that of HoO. This means that the strength of
hydrogen bond in D50 is stronger than that in HyO. This result is in good agree-
ment with the other works. The fact that all the fitting parameters of H,O/D2O
mixtures slightly change or scarcely change as a function of concentration of D,O
shows that even in mixtures the inter-molecular dynamics are originated by the
same characteristic mechanism as in pure HoO or DyO which is based on the pen-
tamer model. No distinguished difference can be observed between H,O and D,O
from the viewpoint of inter-molecular dynamics.

We measured high-frequency Raman spectra (250 ~4000 cm™!) of HyO, D50,
50 mol % mixture of HyO and DO H1¥O and D*O. We obtained the pure HDO
Raman spectra by subtracting HoO and DO spectra from the mixture spectra.



The pure HDO spectra cannot be explained by the conventional interpretation on
H20 and D2O. We have shown that this contradiction is naturally resolved by a
consideration based on the water pentamer model. Actually we have calculated
nine normal modes of a small distorted tetrahedron around oxygen atom by using
a conventional GF matrix method. This small distorted tetrahedron is a part of
the large tetrahedron of water pentamers which is adopted in the interpretation
of the low-frequency Raman spectra. The obtained calculated values are in good
agreement with the experimental spectra of H,O, D20, and 50 mol % mixture.
Finally the following results are obtained.

(1) Even in mixtures of H,O and DyO the inter-molecular interaction among
water molecules have the same character and continuously change from H,O
to D,O as a function of concentration.

(2) Based on the water pentamer model, we can well explain all the frequency
regions of Raman spectra with good consistency.
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mode name frequency (cm™! ) parameter
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