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LIQUID WATER BOSON PEAK AT NEAR-CRITICAL TEMPERATURE

In current work it was found that at near-critical temperature permolecular compounds of water (and also ammonia and some other liquids) can take part in "quantum gas - quantum condensate" reversible transitions described by Einstein, and also within configurational oscillations of identical particles. Configurational heat capacity of identical particles increases with temperature, forming boson peak Cc3. Under equal temperatures H2O boson peak is smaller than that of D2O. Observed difference is probably due to the higher fermion content in H2O liquid.
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Thermodynamic properties of water at near-critical temperature are different from those located at the threefold point [1, 2]. In this case infinite component (Cinf) [5, 6] makes a significant contribution to the value of isochoric heat capacity (Cv), as well as to configurational (Cc), and vibrational (Ckol) heat capacities [3, 4]. Comparing calculated and experimental Cv values at near-critical temperature we found it necessary to account for an additional configurational heat capacity component (Cc3) [7]. This component takes into account the essentially new mechanism of configurational oscillations [7, 8], which was not found at the temperatures near the water threefold point [3-10]. The complexity of estimation and classification of different particle type contributions leads towards further modeling of heat capacities of various water isotopic compositions at near-critical temperatures.
Therefore, the purpose of current work is a modeling of distinctions between heavy and protium water configurational heat capacity components in the region of near-critical temperature within the framework of structural liquid unit model.
At homeostasis and supercooled water temperatures the configurational heat capacity of water has two components [4, 7-10]. One of the components (Cc2) in case of D2O is always positive, which can be related to the boson properties. In case of H2O this component can be positive and negative as well, probably, due to the contribution of both fermions and bosons.
Unlike at homeostasis and supercooled liquid temperatures, first approximation at near-critical temperature, gives no difference in configurational heat capacities of D2O and H2O. This reflects in calculated ratios of configurational heat capacity components. There are two configurational heat capacity components highlighted in [7] at near-critical temperature, as well as at low temperatures, (Cc1) and (Cc3):
Cc1 = R(G(ln(g(4p),    (1)

Cc3 = K3(R(G((s(g) 4 ( ln (4(g),   (2)
where p is an occupied part of active centers of molecule, G is a gel fraction, and s = 1-G is a sol fraction; p, G, and s are related to the percolation theory formalism [11]; g is a number of molecules in a liquid structural unit [3-4]; R - universal gas constant; K3 - coefficient.
Let’s call Cc3 component as configurational heat capacity of identical heavy particles. For this component in formula (2) of reference [7], K3 coefficient was assigned to be 1 for both D2O and H2O. In a current work careful comparison of calculated and experimental meanings of isochoric heat capacities of D2O and H2O was performed under conditions of critical temperature proximity. It was found that K3 coefficient of H2O is close to 1, whereas in case of D2O this coefficient is twice bigger. Therefore, differences of bosons and fermions can contribute to the configurational heat capacity of identical heavy particles, and Cc3 component temperature curve can be characterized as boson peak. In formula (2) for H2O, besides K3 coefficient, calculated Cc3 values are also lowered relatively to D2O. Thus, for example, at 643.89 K, which is in close proximity to the critical D2O temperature [1], Cc3 = 12 J / (mole K), while under very similar conditions at 644 K in a case of protium water Cc3 = 10 J / (mole K). The difference of 2 J / (mole K) is well correlated with low-temperature estimations, where it is close to Cc1 value of 3 J / (mole K) in current conditions for both D2O and H2O. The distinction of heat capacity Cc3 for D2O and H2O is reflected in a relative values: Сс3 of D2O is 16.0 % of isochoric heat capacity, whereas that of H2O - 14.3 %.
It is not possible to classify different particle type contributions directly from the heat capacity meanings. A technique of classification, based on the application of the ideal monatomic quantum gas theory described by Einstein [12], uses a comparison of liquid and gas particle speeds [7].
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Fig. 1 - Configurational oscillation frequencies (f, cm-1) of particles (monomers (fc), dimmers (fc2), trimmers (fc3)) of liquid D2O (fcd, fc2d, fc3d), and H2O (fch, fc2h, fc3h); also oscillations of ideal quantum gas particles (f1, f2, f3, f4) at temperature T, K: saturated (f2), and unsaturated (f3) Einstein quantum gas; f1 - gas with critical adiabatic line; f4 - gas with adiabatic index of 2(
In a current work we use a method of frequency comparison in order to define a type of a liquid particle which participates in configurational oscillations. We compare frequencies of configurational oscillations of liquid particles with frequencies of ideal quantum gas particles [12]. To evaluate oscillation frequencies we use de Broglie waves and the speed of sound. Distinctive feature of such technique is that at constant temperature the oscillation frequency of ideal quantum gas particles depends on an adiabatic index, but not on the mass of particle. In case of configurational oscillations of liquid particles, oscillation frequency is dependent on the particle mass. The concurrence of oscillation frequencies of particles of a liquid and quantum gas can testify for this frequencies contribution to quantum gas – quantum condensate reversible transitions.
In Fig. 1 the frequencies of configurational oscillations of molecules, and permolecular creatures of D2O and H2O are compared with oscillation frequencies of ideal monatomic quantum gas (f2, f3), with adiabatic index of 2( (f4), and with critical adiabatic line (f1). The concurrences (crossings) of liquid particle configurational oscillation frequencies and quantum gas oscillation frequencies (with various adiabatic indexes) are distributed in a frequency – temperature space. As approaching critical temperature, concurrences of quantum gas - liquid particles configurational oscillation frequencies become more probable with low meanings of adiabatic index.
Parameter g in formula (2) reflects the increase of mass of liquid particles, which participate in heavy identical particle configurational oscillations and in quantum gas-quantum condensate reversible transitions. The number of molecules in H2O [3] and D2O [4] structural units increases when temperature rises above 610 K.

The relation between isochoric heat capacity increase and configurational component in the region of near-critical temperature is also observed for ammonia and some other liquids.

Quantum gas with adiabatic index of 2(( can be applied for Bose – Einstein condensate modeling of supercooled gases at temperature close to 0 K [13-14]. In case of H2O and D2O the concurrence of oscillation frequencies of quantum gas particles with 2(( adiabatic index (f4) and configurational oscillation frequencies of liquid monomers (fch, fcd) is observed at 500-510 K. At these temperatures there is a maximum of product of equilibrium pressure on H2O and D2O saturated vapor volume (according to data in [1]). Observed fact might mean that the probability of quantum gas – quantum condensate reversible transitions can be connected with the properties of liquid water as well as with saturated vapor properties: in the absence of gravitational field saturated vapor particles stay within liquid limits - a natural trap of a quantum condensate. In case of saturated vapor, containing dimmers and bigger particles, such transitions are more probable at higher temperatures as follows from Fig. 1. This conclusion correlates well with research results of saturated vapor dimerization parameters [15].
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