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HEAT CAPACITY BOSE-FERMI CONTRASTS OF D2O AND H2O LIQUIDS
Configurational heat capacity of water can be divided into 2 components for distinguishable and identical particles. The first component is almost identical for H2O and D2O. The second one forms two boson peaks at 150 - 350 K. These peaks are conditioned by the presence of D+ ions and proton pairs in reverse transitions "quantum gas - condensate" by Einstein. As the temperature increases up to 350 K proton pairs decay, and the heat capacity of H2O for identical particles decreases to the negative meanings. At 310 K configurational oscillations of protons fall into the region of translational frequencies; however, proton pair and D+ ion oscillations are in the low frequency limit of the water librations.
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Chemical and physical properties of heavy (D2O) and protium (H2O) water are not significantly different [1-12]. However, pure D2O liquid and its high concentrated solutions are toxic [13]. The knowledge of death promotion in healthy and cancer cells by the molecules of D2O medium [14], the prolongation of microorganism’s lifespan by heavy isotopes of some elements [15] opens new perspectives of using heavy isotopes in medicine. These, in turn, lead that the study of the differences in properties of hydrogen isotopes in water [16-26], which is the basis of the internal environment of living organism, become topical.
The purpose of this work is to simulate the appearance of fundamental differences in the properties of hydrogen isotopes. To do so we compare configurational heat capacities of H2O and D2O liquids in stable or supercooled conditions within the model of structural liquid units, the percolation theory, and the theory of ideal monatomic quantum gas described by Einstein.

According to the model of structural liquid units [27-28], the percolation theory [29], Einstein quantum gas [30], and simulations of thermodynamic properties and structure of water [16-26], we were able to find out the differences of D+ and H+ mass particles contribution into the heat capacity. The difference displays in configurational heat capacity (Cc), which can be represented as the sum of 2 components Cc1 and Cc2 [16]. The first one (Cc1) is almost identical for both H2O and D2O, and can be considered as configurational heat capacity of distinguishable particles [28]
Cc1 = R(G(ln (g(f0 p),    (1)
where g is a number of molecules in a liquid structural unit; R is the universal gas constant; f0 is a number of active centers of the molecule, G, p – gel fraction and a part of occupied active centers of the molecule (the computation formalism can be found in ref. [24, 28]). Cc1 component takes into account configurational oscillations of only homogeneous (from percolation theory point of view) distinguishable particles (molecules), which form a structural liquid unit.
Configurational oscillations of hydrogen isotopes are contributed into the second component (Cc2), which unlike to (Cc1) we will call configurational heat capacity of identical particles. Cc2 component derived as Cc2 = Cc – Сc1 according to [24-26]. Fig. 1 shows the comparison of protium and heavy water Cc2 calculated values. The differences of Cc2 meanings in the area of temperatures where D2O and H2O liquids get stable state are surely established. In the case of supercooled liquids the difference is found within the error of the heat capacity estimations [4].
[image: image1.png]14

T 0 T

Gr arowypr 0o

150




Fig. 1 - Configurational heat capacity component (Cс2, J / (mole K)) of identical particles of D2O and H2O water on the liquid saturation line (by [24-26]) dependent on the temperature (T, K)
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Fig. 2 - The comparison of various water frequencies (f, cm-1) behavior on the liquid saturation line and Einstein ideal quantum gas (of unsaturated (f3), saturated (f2), and with critical adiabatic line (f1)) depending on the temperature (T, K): the frequency of configurational oscillations of water particles with the proton mass (fcH+), deuterium cation (fcD+), proton pair (fc2H+), and molecule (fc); the frequencies of “bottom” librational (fL, fLd) and “top” translational (fT) intermolecular oscillations of protium (fL, fT) and heavy (fLd) water
In current work, unlike [22-26], the differentiation of contributions according to the type of particles in Cc2 is based on the frequency comparisons (Fig. 2) of liquid particle configurational oscillations (fc, cm-1) with oscillation frequencies of the ideal monatomic quantum gas described by Einstein (fE), and can be derived according to:
fc = C2s(M / (c(N(h);  (2)

fE = (Cp/Cv)(R(T /(c(N(h),  (3)

where Cs – the speed of sound in liquid, M – molar mass of the particle, h – the Planck constant, N – the Avogadro number, Cp/Cv – adiabatic index of saturated (3/2) and unsaturated (5/3 - 3/2) gas [30], Cp and Cv – isobaric and isochoric gas heat capacities, c – the speed of light.

Comparing fE frequencies (f2 and f3 in Fig. 2) at the temperatures of 200-350 K we found such intervals where frequencies of deuterium cations (fcD+) are located within the frequencies of unsaturated Einstein quantum gas. Such an equality of frequencies can be considered as a presence of the conditions when the reversible transition of deuterium cation from one quantum state (“quantum gas”) to another (“quantum condensate”) can take place. The temperature of frequency equality (fcD+) and fE corresponds to the increased meanings of heavy water heat capacity Сс2 (“boson peaks”) (Fig. 1).

The origin of positive Сс2 H2O meanings can be associated with the appearance of proton pairs as bosons, and decrease in temperature to negative meanings can be related with transition of protons to the fermion state. It appears that the frequency trend line of proton pair configurational oscillations (fc2H+) repeats that of D+ cation (fcD+) in the case when proton pair mass of H2O molecule is calculated as reduced mass. Such a conclusion correlates well with the occurrence of "boson peaks" in the case of the protium-deuterium replacement [31], as well as with the temperature dependent change of properties and water structure [8, 10,18, 20, 28].

At the temperature of homeostasis (310 K) the proton configurational oscillation frequencies (Fig. 2) are located within the frequencies of translational oscillations, while configuration oscillations of D+ cations and of proton pairs are in the "bottom" area of librational frequencies of water intermolecular oscillations.
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