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Heat capacities and compressibilities of deuterium oxide-water mixtures 
at 298.15 K’ 

In a previous study’ of the thermodynamic properties of deuterium oxide 

(DzO) + water (H,O) mixtures, we found that the isentropic compressibilities at 
298-15 K exhibit smaii negative deviations from ideality. As an extension of that 

investigation, we have measured the volumetric heat capacitis of DzO + Hz0 at 
298.15 K over the Whole mole fraction range_ These results, combined with data from 
;he literature, were used to calculate isobaric and isochoric heat capacities, and 
isothermal compressibilities 

_MATERiALS AED ESPERIYEXTAL TECHhlQUE 

Two different samples of DtO (Merck, Sharp and Dohme reagent with specified 
minimum isotopic purity of 99.7 atorn oA D) were used. Their densities, measured at 
298.15 K with an Anton Paar densimeter’, were 1104.20 and ilW.44 kg m- 3_ 
Assuming the only impurity zo be H,O and adopting a value of 1104449 kg me3 

for the density of pure D,O at 298.15 K (ref. 3), the mole fractions of DzO in the two 
samples were estimated to be 0.99>7 and 0.9990, respectively_ Mixtures were prepared 

by mass, using deionized distillal FIO- A correction for the Hz0 content of the DzO 

was made in calculating the mole fraction of D,O in each mixture_ The error of the 
mole fractions is estimated to be less than 2 x lo-‘. 

Di!Terences of volumetric heat capacity CJV were measured in a Picker flow 

ca.lorimeter4. Details of this equipment and of the operating procedure have already 
been described’- 6. Since the volumetric heat capacities of the present mixtures are 
iarger than those of the binary organic liquid mixtures studied previously6, the fiow 
rate was decreased from 0.01 cm3 set- ’ to 0.007 cm3 set- I_ The reference liquid was 

Hz0 in all of the measurements (single reference procedure). The precision of the 
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determination of the difference of volumetric heat capacities is about O-3 % up to the 

limit of sensitivity of the calorimeter (5 x IO- ’ J K- I cmS3). 

FESULTS ASD DlSCCiSSION 

The measurements of volumetric heat capacity at 298.15 K are summarized in 

Table I, where x, indicates the moie fraction of ID20 in the mixture. Each entry for 
d(CJV) is the avera_ee of several determinations of the difference between the volu- 

metric heat capacity of the mixture and that of pure H,O c4.16725 J K-l cmW3 
(ref. 7)]. The molar heat capacity C, of each mixture was obtained from these results 

using the molar volume V caIculared from the densities of the pure components and 

the molar excess volume VE of the mixture*. 
To obtain the molar heat capacity of pure l&O, the results for C, were extra- 

polated to x, = I by means of Ieast squares polynomials. This yielded a value of 

84.682 J K- ’ mol- ’ which can be compared with the vaIues 82.60 (ref. 9), 84.25 

(ref_ IO) and 84-38 (ref. 1 i) rqorted in the literature_ Molar excess heat capacities 

CE are given in the last column of Table 1 and are presented graphically in Fig. l(a). 

The values of Cp’ are small and positive over the whole moie fraction range, and can 

be represented by rhe equation 

Cp’ (J K- ’ mol- ‘) = 0.082 xl (1 - x1) (1) 

TABLES 

HEAT CAPAClTfES OF DzO(l) +- H&2) MlXKRES AT 38-l 5 K 

o-o 
0.1010 

0.1536 
0.2046 
o-3032 
0.4030 
O-4523 
0._5003 
o-H67 
0.6038 
0.7017 
08033 
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0.078132 
0.103652 
0.153574 
02iM634 
O-229219 
O-252730 
o-z76459 
O.XU929 
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76.751 
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O-005 
0.013 
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0.030 
OD27 
OlllS 
0.023 
0.019 
a010 
0.006 
o-01s 
0.008 
0-W 
01x)3 
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Fig 1. Exccshcat capacitia and excess comprasibilitia of D&(I) + H&(2) mixruxs ar 298.15 K. 
(a) 0. FYcsent results for C,r; -, last squares rcprcscntation of CpE by cqn. (1); ---, WC 
&&cd for CP- (b) C. Results for XSE from rcT. I; -, ksz squares rrprrscntation of KS= 
by tQn- (4); ---, curve cakuratai for -5. 

with a standard deviation G(CEJ = 5 x 10v3 J K- 1 mol- l_ 
Isothermal compressibilities t+ were calculated from the isentropic compressi- 

bilities k’s reported previously’ using the present results for C, and the thermodynamic 
Miti0ll 

,+ = rc, t zzvT/c, (3 

where x is the thermal expansivity and T the temperature_ Values of cz for the mixtures 
were estimated from the values of z for the pure components3 and the variation of 
YE with temperatures. Heat capacities at constant volume C, were then obtained from 
the equation 

C, = CpKdl+ (3) 

The results for the excess heat capacity at constant volume C,E and the excess iso- 
thermal compressibility K: are shown as broken curves in Fig. l(a) and (b), respeo 
tively- Our previous results for e along with their least squares representation 

~77%‘) = x,(1 - x,)[--O-068-O-145(1 - 2x,)-0.108(1 - 2-#-J 
G(K~) = 4 x 1o-3 7Pa- r (4) 

are included in Fig. I(b) for comparison. It can be seen from Fig. 1 that C,’ is more 
positive than C,” and that G is more negative than g_ 

Althougfi there have been many investigations of Hz0 and D,O in the liquid 
state, a detailed explanation of the differences of their physical properties is stiI1 
lacking It is generally considered that D,O is more structured than H,O at the same 
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temperature”_ The prmnt deviations of D,O f Hz0 mixtures from ideality are 
consistent with the promotion of structure by HDO in the mixtures_ 
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