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In the preceding paper1) (Part Ⅰ), a statistical

thermodynamic theory was successfuly applied

to liquid water, based on a two state model which

consists of an ice-like structure (class Ⅰ) and un-

bonded monomers(class Ⅱ). The same treatment

has been applied to liquid deuterium oxide, with

the intention to explain the thermodynamic proper-

ties of the liquid and to test the applicability of

the two state model.

In the calculation of the partition function(Part

I),the two quantities, viz., the energy difference

between class Ⅰ and class Ⅱ, ε, and the free volume

for the molecule in class Ⅱ, vf, were used as adjust-

able parameters. The values of the parameters

were estimated to be 3 kcal/mol and 4.0 × 10-25 cm3

respectively. They are in line with the thermo-

dynamic properties of the liquid water. In the

present calculation the same value for vf has been

used, since the dimension of the molecule and the

dipolar interactions etc. of D2O are practically

the same as those of H2O.2)

For the magnitude of ε for D2O a higher value

is required than for H2O, since the energy of sub-

limation for the former (⊿ED2Osubl:12.08 kcal/mol)

is larger than that of the latter (⊿EH2Osubl:11.65 kcal/

mol).2)Considering that the van der Waals

interactions between D2O molecules may be nearly

the same as those between H2O molecules, the

magnitude of ε for D2O is estimated to be 3.4 kcal/

mol.

(1)

Concerning the frequencies which have been

attributed to intermolecular vibrations of the

molecules in class Ⅰ, a tentative assignment has

been made with reference to the data from the 

infrared and Raman spectroscopy3,4) and also by 

taking into account the difference in the mass 

and the principal moments of inertia between 

D2O and H2O molecules.5) The ratio of librational 

frequencies, and that of the principal moments 

of inertia between D2O and H2O are estimated 

to be 1.38, and 1.91 respectively, according to 

Swain and Bader.5) The values for vi and A, B, C 

are given in Table 1. 
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TABLE 2. THERMODYNAMIC VARIABLES

Calculation of Thermodynamic variables.

According to the statistical mechanical theory

reported in Part Ⅰ, calculations of thermodynamic

variables for liquid D2O have been made over

the temperature range from 4-60℃, using the

values of parameters described above. The cal-
culated values of the Helmholtz energy, A, the 
internal energy, E, the entropy, S, and the specific 
heat at constant volume, Cv, are given in Table 2. 
The results calculated are compared with the 
experimental data for liquid D2O and also with 
the results calculated by Nemethy and Scheraga.2) 
They are plotted against temperature in Figs. 1-4. 
The mole fraction x of hydrogen bonded portion 
is calculated and given in Table 3, together with 
the ratio,xD2O/xH2O. 

TABLE 3. FRACTION OF HYDROGEN BONDED PORTION, x

* The values of xH2O are those calculated in Part Ⅰ.

Fig. 1. Helmholtz energy, A, for liquid D2O. 

Circle, observed: Solid ine, calculated; Dotted 
line, Nemethy and Scherage2)

Fig. 2. Internal energy, E, for liquid D2O. 

Circle, observed; Solid line, calculated; Dotted 
line, Nemethy and Scheraga2)

Fig. 3. Entropy, S, for liquid D2O. 

Circle, observed; Solid line, calculated; Dotted 
line, Nemethy and Scheraga2)

Fig. 4. Specific heat, C, for liquid D2O. 
Circle, observed; Solid line, calculated; Dotted 
line, Nemethy and Scheraga2)
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As seen in Figs.1-4, the agreement between

calculated and observed values for D2O is fairly

good, except that deviations are seen in the values

of Cv. In the present calculation for D2O, the

parameters, ε, vf, and vi have been fixed theoreti-

cally as compared with those for H2O. Thus

we might say that agreement is satisfactory.2,6)

It seems reasonable from observed data2)that

in liquid D2O the degree of hydrogen bonding 
is higher than for liquid H2O. The ratio, xD2O/xH2O 

given in Table 3 is in line with this view. 
We see that the thermodynamical behavior 

of liquid D2O is described adequately by using
the value of εD2O which is larger than εH2O. The

results support the idea that the bond strength

of O-D…O is stronger than that of O-H…O.

It is concluded that the two state theory for

liquid water(Part Ⅰ)gives an adequate represen-

tation of thermodynamical behaviors of liquid D2O.
6) M. R. Thomas and H. A. Scheraga, J. Phys. 

Chem., 69, 3722 (1965).


