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The conductivity ( K )  in molten pure (Na, K)CH&OO and 
in molten mixtures (Na, K)CH3COO was measured. The 
variation of K with the temperature ( T )  and of the 
mixtures’ composition ( x )  is given by the empirical 
equation of the form: 

K = - (a0  - box + cox2) + (a, - blx + c 1 x 2 ) T  

The equivalent conductance ( A )  and the activation 
energy (EA) were also calculated. Deviations from the 
ideality are shown. 

Some thermodynamic properties of sodium and potas- 
sium acetates were discussed by our group previously (2 .  
8 ) .  In this paper we report the conductivity and the 
equivalent conductance of the molten pure (Na. 
K)CH3COO and of the molten mixtures (Na. K)CH3COO 
at various temperatures up to 620K. 

Experimental 

Chemicals. C. Erba R P  sodium and potassium acetates 
(mp 601 .OK and 578.5K. respectively), carefully dried, 
were used without further purification. 

Measuremenfs of femperafure. The temperature of the 
melted mixtures contained in the conductance cell were 
measured by a Chromel-Alumel thermocouple. This ther- 
mocouple, checked by comparison with an NBS certified 
platinum resistance thermometer, was connected with a 
Solartron-type LM 1420.2 digital voltmeter, 

The furnace temperature for the melting was controlled 
by a second thermocouple connected with a Leeds and 
Northrup CAT control unit. This thermocouple is dipped in 
the metallic core where the conductance cell is placed. 
This assembly stabilizes the melts temperature within 
*0.2O0C. 

Measurements of conductance. The pyrex glass con- 
ductance cell reported by Howie and Macmillan (4)  was 
conveniently modified by us (Figure 1) .  The conductance 
cell assembly consists of a test vessel and of a head, 
which supports electrodes. the sheath of the thermocou- 
ple, and the capillary, all extractable. Since the measure- 
ments were carried out in an inert gas atmosphere, dry 
nitrogen was bubbled through the melt. 

Resistance measurements were carried out by an LKB 
precision bridge at a frequency of 2000 Hz after testing 
the independence of the resistance values from the fre- 
quency used (1000 and 2000 Hz). The cell constant 
(332.0 c m - ’ )  was determined by using NaN03 and 
KN03 C. Erba RP-ACS at various temperatures above the 
melting points up to 630K by the Janz parameters (6 ) .  
This value remained constant during the measurements. 

Results and Discussion 

The phase diagram of the (Na. K)CH3COO binary sys- 
tem was previously studied ( 3 .  5. 9 ) .  The liquidus curve 
of this system substantially presents a simple eutectic at 

508K (XCH(3)COOK = 0.537) and a transition point at 513K 
( X C H ( ~ ) C O O K  = 0.615). 

The conductivity ( K ) dependence with the composition 
( x )  at fixed temperatures (602, 608, 614, and 620K) is 
shown in Figure 2. The isotherms obtained are smooth 
continuous curves showing no breaks. 

In Figure 3 are reported the values of A K ,  i.e., the dif- 
ference between the calculated by the additivity law and 
the experimental values, vs. x .  at constant temperature. 
The highest deviations from the ideality occurred for 
mixtures of about 50% CH3COOK. 

The dependence of conductivity ( K ) with the tempera- 
ture ( T )  at the investigated compositions (XCH(3)COOK = 
1; 0.75; 0.67; 0.60; 0.50; 0.25; 0.00) is reported in Figure 
4 for each set of data. In every case, by use of the least- 
squares method, an equation of the first degree was de- 
termined: 

K = -a  + bT 

The values of the parameters a and b are summarized in 
Table I .  

To obtain the complete equation connecting the con- 
ductivity with the composition and the temperature, the 
parameters a and b of Equation 1 were plotted against 
the composition. By the least-squares method the depen- 
dence of the parameters a and b with the composition 
was calculated, and the obtained functions were substi- 
tuted in Equation 1 

(1) 

An equation of the following form fitted the data: 

K = - (ao  - box + cox2) + ( a l  - blx + c1x2) T (2) 

Values of the parameters are reported in Table I I 

b 
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Figure 1. Conductance cel l  
a: Thermocouple 
b: Electrodes 
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The deviation between the values of K experimental 
and K computed by means of Equation 2 is always less 
than 1%. Hazlewood et al. (3) measured the molar vol- 
ume at various compositions of the (Na. K )  acetate 
mixtures. By use of these values and Equation 2 ,  we ob- 
tained the equivalent conductance ( A )  at several temper- 
atures at fixed composition. The results are summarized 
in Table I I I .  

The (Na, K)CH3COO mixtures did not exhibit ideal be- 
havior, according to Evan's definition (7 ) .  The Aobsd 
values in fact present a negative deviation from the 
-icalcd by use of the additivity law over the temperature 
range (602-620K). On the other hand, this could be ex- 
pected ( 7 )  since the binary mixtures show "a consider- 
able positive excess volume" (3) .  

The apparent activation energy ( E A )  was determined by 
the Arrhenius equation, plotting log A vs. 1 / T  for the 
pure salts and for the different mixtures. The EA. values 
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Figure 4. Conductivity variation with temperature at fixed com- 
positions 
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Figure 5.  Activation energy as function of CH3COOK molar frac- 
tion 
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Figure 2. Conductivity dependence with CH3COOK molar frac- 
tion at fixed temperatures 
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Figure 3. A K  ( h t h e o r  - ~ ~ ~ ~ t l )  dependence with CHsCOOK 
molar fraction 

XCH&OOIi  a b .  103 

0.00 0.6449 1.3788 
0.25 0.6545 1.4019 
0.50 0.6713 1.4488 
0.60 0.7127 1.5200 
0.67 0.7270 1.5519 
0.75 0.7715 1.6355 
1.00 0.8506 1.8032 

Table I I .  Parameter Values of Equation 2 

00 0.6447 
bo 0.0423 
C O  0.2534 

a1 0.001379 
bl 0.00006936 
CI 0.0005013 

Table Ill. Values at Fixed Compositions and Temperatures 

Acnlcd  (ohm-'. cm2)__ 
~ ~ ~ ~- 

x ~ ~ ~ ~ ~ ~ ~ ,  602K 605K 608K 611K 614K 6 1 7 K  620K 

1.000 1 9 . 0  19.5 19 .9  20 .4  20.9 21 .3  21 .8  
0.7947 17.0 17 .4  17.8 18.3 18.7 1 9 . 1  19.5 
0.5370 15.3 15.6 16.0 16.3 16.7 1 7 . 1  17 .4  
0.3523 14 .4  14 .8  15.1 15 .4  1 5 . 8  1 6 . 1  16.5 
0.2276 14.0 14.4 14 .7  15.0 15.4 15.7 16.0 
0,1263 13.8 1 4 . 1  14.4 14.8 15 .1  15.4 15.7 
0.000 13.6 13.9 14.2 14.5 14.9 1 5 . 2  15 .5  
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Table IV. EA Values at Fixed Compositions 

XCH&OOK 

1.0000 
0.7947 
0.5370 
0.3523 
0.2276 
0.1263 
0.000 

EA, kcal/rnol 

5.69 
5.56 
5.46 
5 .44  
5.46 
5.45 
5 .50  

were computed from the slopes of these plots that, in the 
temperature range considered, do not present a detecta- 
ble curvature. The results are summarized in Table I V .  
The plot of these E,% values against compositions shows, 
contrary to any expectation, a negative deviation from 
ideality (Figure 5 ) .  

Acknowledgment 

sions. 

Literature Cited 

The authors thank Cesare Sinistri for helpful discus- 

Bloom, H . ,  "The Chemistry of Molten Salts," p 87, Benjamin. New 
York, N.Y.. 1967. 
Braghetti. M. .  Leonesi, D. ,  Franzosini, P.. Ric. Sci.. 38, 116 (1968). 
Hazlewood, F. J., Rhodes, E., Ubbelhode, A. R . ,  Trans. Faraday 
Soc.. 62,3101 (1966). 
Howie. R. C., Macmillan. D .  W., J. Inorg. Nuci .  Chem.. 33, 3681 
(1971). 
Il'Yasov, I .  I . ,  Bergmann, A. G . .  Zh. Obshch. Khim.. 30, 355 (1960). 
Janz, G. J.. "Molten Salts Handbook." p 295, Academic Press, New 
York, N.Y. ,  1967. 
Morand, G., Hladik, J., "Electrochimie des Sels Fondus." I o ,  p 128, 
Masson et Cie, Paris, France, 1969. 
Piantoni. G . .  Leonesi, D., Braghetti. M.. Franzosini, P., Ric. Sci.. 38, 
127 (1968). 
Sokolov, N. M., Pochtakova, E. I . .  Zh. Obshch. Khim.. 28, 1397 
(1 958), 

Received for review December 27, 1972 Accepted April 26, 1973 Work 
carried out with CNR (Rome) financial aid 

Simple Technique to Determine Solubilities of Sparingly Soluble 
Organics: Solubility and Activity Coefficients of d-Limonene, 
n-Butylbenzene, and n-Hexyl Acetate in Water and Sucrose 
Solutions 
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~ 

Head-space analysis by gas-liquid chromatography is 
used to determine solubilities of sparingly soluble 
substances of significant volatility. This technique is 
based on the analysis of the vapor phase in equilibrium 
with a liquid to which increasing microquantities of the 
solute have been fed in different flasks. The value of the 
pure solute vapor pressure is required. Solubility and 
activity coefficients of d-limonene, not available 
heretofore, are determined by this method at 0", 5",  and 
25°C in 0 ,20 ,  and 40% aqueous sucrose solutions and at 
25°C in 60% sucrose. The reliability of the technique is 
confirmed by determining the solubility of n-butylbenzene 
and n-hexyl acetate at 25°C in water. Results for 
n-butylbenzene compare well with existing data, and for 
n-hexyl acetate, improved agreement with the hydrogen 
bond energy parameter is obtained. Activity coefficients 
of d-limonene and n-butylbenzene decrease with 
increasing sucrose concentration, whereas opposite 
behavior is obtained for n-hexyl acetate. The heats of 
solution of d-limonene in water and 40% sucrose solution 
are derived from the results. 

Data on solubilities of relatively insoluble substances 
are scarce, partly because of lack of interest but mainly 
because of difficulties in obtaining reliable results. How- 
ever, these data are increasingly needed in such diverse 
fields as water pollution control, biology, toxicology, and 
food processing. In particular, in the concentration and 
drying of citrus juices, an important question is how 
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much of the substances responsible for the aroma and 
flavor is fully dissolved at different temperatures in solu- 
tions of varying sugar contents. &Limonene, a substance 
critical to the aroma and flavor of citrus juices, consti- 
tutes between 70 and 90% of the essential oil present in 
natural citrus juices as a second phase. No data on solu- 
bility of this substance and no correlations appropriate for 
estimating its activity coefficient were found in the litera- 
ture. 

Spectrophotometry of saturated solutions was used by 
Andrews and Keefer ( 2 ) ,  Bohon and Claussen ( 4 ) ,  Klev- 
ens ( 9 ) ,  and recently by Wauchope and Getzen (74)  to 
determine solubilities of several liquid and solid hydrocar- 
bons in water. Analysis by gas-liquid chromatography 
(glc) of liquid samples of a saturated water solution rela- 
tive to a standard solution of the solute in an organic sol- 
vent was used by Buttery et al. (5) and McAuliffe ( 7 7 )  to 
determine the solubility of some slightly soluble volatiles. 
All these methods require separation of phases after the 
saturation step, by either siphoning or extraction or cen- 
trifugation. This handling of the solution can introduce 
error, particularly for liquid solutes or for experiments at 
temperatures other than ambient. 

Buttery et al. ( 5 )  also determined air-water partition 
coefficients of volatile solutes by glc analysis of vapor 
and liquid phases in equilibrium. Activity coefficients of a 
number of volatiles in sucrose solutions of different con- 
centrations were measured by Chandrasekaran and King 
(7) by use of head-space analysis. 

In this work a simple technique based on head-space 
analysis and glc was developed to determine solubilities 
and/or activity coefficients of sparingly soluble organics. 
Saturated solutions need not be prepared in advance, 
thereby avoiding the problems of phase separation, nor 
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