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ABsrRAcr 

The water vapor pressure over solid and liquid sodium acetate trihydrate was 
measured tensimetrically between about 10 and 80°C. Second Iaw enthaIpies and 
entropies of water vaporization were derived from the data. The results are interpreted 
on the basis of an existing phase diagram. 

Sodium acetate trihydrate (NaAc-3H,O) has received some attention recently 
because of its large Iatent heat of fusion of about 60.3 cal g- I** which makes it 
attractive as a heat storage material. Its practical application has been impaired, 
however, by the tendency of a NaAc- 3H,O-melt to supercool considerably beIow the 
melting point. As part of an effort to reinvestigate the system sodium acetate-water, 
the dissociation water vapor pressure of NaAc- 3H20 was measured. The pressure 
measurements by Baxter and Cooper’ as well as Diesnis2 were limited to the crystal- 
line state. The former authors used a transpiration method, whiIe the latter applied a 
static technique simiiar to the one used in this work. 

The pressure measurement procedure followed that used by Dies&‘. The 
pressure measuring device consisted of a 200 mm long absohrte Hg-manometer to 
which a 50 cm3 capacity round Pyrex flask was attached. Sodium acetate trihydrate 
(Fisher Certified) was halfway filled into the flask through a temporary opening. The 
device was attached to a high vacuum system via a ground joint, evacuated for about 
5 min, and then sealed off. During pump-down, the pressure never quite dropped 
below a few Torr due to dissociation of the hydrate. 

The pressure vessel was immersed in a temperature controlled water-bath that 
is schematicahy Shown in Fig. 1. Most of the power was supplied by a line-stabilized 
powerstat, whiIe the remainder was controlled by an on-off contact thermometer- The 
water temperature was measured to within +0_05”C from an immersed Hg-thermo- 

*Unpublished measurements. 



meter which had been calibrated against a standard traceabIe to NBS. Vapor pressures 
were read from a cathetometer to within 10-l Torr and corrected for the mercury 
density to O’C_ 
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Fig_ I. Expcrbsti set-up for pressure mevurement 

Pressures were first measured below the melting point_ Equilibration was very 
sIug$sh at low temperatures_ It was rmzssa ry to hoId the material at constant 
temperature for several hours, usuahy overnight_ After crossing the melting point at 
58_O”C, pressure readings were initiaIIy erratic and not consistent. The temperature 
was then raised to about 8O’C, at which all solid material had dissolved. Pressure 
equilibrium was attained -ithin minutes at the higher temperature range. The melt 
did not resolidify when cooled to room temperature_ The vapor pressure of the melt 
was higher than that of the solid hydrate at comparable temperatures_ 

The meIt formed a clear gIass after cooling in a dry ice mixture (-78S”C). 
Upon returning to ambient temperatures, a smaller portion of the solution had 
crystallized in the form of a crystal slush ai the bottom of the fiask. The vapor 
pressures of this twophase system were still higher at respective temperatures than 
those of the supercooled melt. 

The vapor pressures that were measured for (A) solid NaAc-3H,O, (B) the 
supercooled melt, and (C) the two-phase system are plotted in Fig. 2 as a function of 
temperature_ A slighz pressure co&on was applied due to the contribution of a 
smaii amount of non-condensable gas impurities, which were detected during cooling 
to - 78_5”C_ 



Fig. 2 Dissociation water vapor pressure over sodium acetate trihydrate. 

The mixture was left standing for several months without further changes of the 

water vapor pressure and extent of crystallization. After opening the vessel, samples of 

crystals and solution were carefully removed for analysis before the remainder 

spontaneously resolidified during further handiing. The liquid portion contained 

57.8% NaAc. An X-ray diffraction analysis of the crystalline portion agreed with 

data given for anhydrous NaAc ‘. The phase which eventually crystallized upon 

contact with foreign nuclei was identified as the trihydrate by X-ray diffractions. 

The data of the three vapor pressure curves in Fig. 2 were Ieast square fitted to 

an empirical equation 

logp=a,-$ 

which yielded for the constants* (with p in Torr and Tin K): 

Curve A log p = (10.41 -i-0.22) - 
(2.86, +O_OO,). IO3 

T 

Curve B log p = (9.01 ,+ 0.05) - 
(2.38,+0.01,)- IO3 

T 

Curve C log p = (7.71+0.08) - 
1 .928 + 0.023) I O3 

T 

The equations were plotted in a logp- l/T diagram shown in Fig. 3, along with 

qe variance of the constants a0 and aI were obtained from the variance Go of log p with the relations 

where x = I/T and n is the number of observations. 
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pressure curves of solid and liquid water. Error limits of the curves are indicakd by 

brackets_ 
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Fig. 3. Vqmr pressure over Ktic- 3 HZ0 and water. 

TABLE I 

ENTHALPY AXD EXI-ROPY OF EVAPORATION 
AT MEAN TEMPER.4-l-URE i 

AH.v 
(kcal mol- ‘) 

13.1 io.3 
10.8. -c O-07 
8.7, io.11 

As=+, 
(Cal mol- 1 “C- ‘) 

44x5* 1.0 
38.2zf~O2 
32.3 f0.4 

The second law enthaIpies and entropies for the evaporation of water from the 
various condensed systems at the respective average temperature of measurement 
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were calculated from the constants with 

AH_ = 2.3 R a, and AS,,, = 2.3 R a, -log 760 

and are listed in TabIe I. It can be seen that higher dissociation pressures correspond 
to lower enthalpies and entropy changes, i.e., less stable systems- 

The resuits of the more extensive previous investigations are also plotted in 
Fig. 3 along with least square fitted vapor pressure curves of this study. The agreement 
with aI1 sources is excellent. 

DISCUSSION 

In order to discuss the seemingIy complex dissociation vapor pressure data of a 
system which corresponds to a composition of NaAc+3H,O, it is imperative to refer 
to existing information for the NaAc-H,O phase diagram. Figure 4 shows the phase 
diagram based on data from Stephen’s6 and Seideh’s’ compiIations. 

W.F_Green, J. Phys. Chem. E 

r190@655-60 

N.V. Si@wick and J. A Gentle, 
J. Chem. Sac. mt 19223 
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Fig. 4. Phase diagram of NaAc-H20. 

We see that the hydrate mehs incongruentiy to a 58 w/o NaAc solution in 
2quiIibrium with the balance of NaAc as solid anhydrate. The vap Jr presslre of the 
trihydrate below 58°C results from disr;ociat;on 

NaAc - 3HaO (s) $ NaAc(s)+3H,O(g) 

for which the phase ruIe predicts a univariant equilibrium. The dissociation vapor 
pressures corresponding to this equiiibrium are given by the experimentaI data that 
form curve (A) in Fig. 3. 
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The erratic pressures, that were initiaiiy measured just above the peritectic 
melting point, were apparently due to the fact that equilibrium between melt and 

residual solid NaAc was not achieved in time. In accordance with the phase diagram, 

al1 soIids had dissolved after raising the temperature to about 80°C. On cooling the 
melt, the phase diagram predicts separation of the anhydrate phase followed by 
complete conversion to the trihydrate beIow the peritectic temperature. However, we 

saw that no apparent solidification occurred when the meIt was cooled. Hence, the 

vapor pressures that constitute curve (B) are those of a metastabIe Iiquid of the 

approximate composition NaAc+3H,O. The melt must have a vapor pressure higher 

than the stable trihydrate phase at the same temperature, which is confirmed by the 

experiment_ 
SupercooLing of the melt to -78S”C did not result in homogeneous soIidifi- 

cation of the trihydrate but rather in separation of the anhydrous NaAc while leaving 

a more diluted NaAc solution. The concentration of this me&stable soIution in 

contact with anhydrous NaAc was found to be in good agreement with the phase 
diagram. The high vapor pressures, as given by curve (C), resuIt from the metastable 

nature of this two-phase system. The pressure measurements agree with several 

literature data, which evidently must have been obtained on superconcentrated 

solutions of anhydrous NaAc as weI1. These solutions form SpontaneousIy the stable 

trihydrate phase if foreign nucIei are introduced_ AI1 three experimental pressure 

cnrves intersect ar a common point, which is the temperature where a homogeneous 

meIt of compositicn NaAc+ 3H,O is formed, in good ageement with the phase 

diagram. 

The behavior of supersaturated NaAc me&s to resist crystailization of the stable 

trihydrate has been the subject of several investigations&“. A well-founded 

explanation of the effect is still pending. It appears that the cry&J structures of the 

various quoted forms of NaAc wiI1 have to be more closely examined. 

The assistance of Mr_ G_ Gravenstreter in this work is appreciated by the author. 
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