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Abstract 

Conductances of aqueous sodium fluoride solutions have been measured at 15', 25' and 45°C to give 
the limiting mobility of fluoride ion. Apparent molar volumes have been obtained by means of a 
continuous dilution dilatometer. 

Introduction 

The fluoride ion is one of the few monatomic anions which can exist in aqueous 
solution, and is of particular interest in that it is isoelectronic with both Na+ and OH-, 
yet measurements of the physical properties of fluoride solutions are far less complete 
than those for the other halide ions. 

Table 1. Molar conductances of aqueous sodium fluoride 

Temp. 15°C Temp. 25 "C Temp. 45°C 
103c/ IO'A/ 103c/ 1 0 ~ ~ 1  103c/ 10411/ 

mol dm-3 m2 S mol-l mol dm-3 mz S mol-l mol dm-3 mZ S mol-I 

Experimental 
Sodium fluoride stock solutions were prepared, by weight titration of carbonate-free NaOH 

(prepared by the electrolytic amalgam method) with A.R. hydrofluoric acid, in polythene containers. 
Their concentrations were calculated from the mass of NaOH solution and the final mass of solution. 
The NaOH was itself analysed by weight titration against conductimetrically standardized HCI.' 

Stokes, R. H., J. Phys. Chem., 1961,65, 1242, 
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The equivalence point in the NaOH-HF titration, carried out in an argon atmosphere, was 
determined by a strip of litmus paper which was subsequently removed from the stock solution. 

Conductances of appropriately weight-diluted solutions were measured in the cell used by MarshZ 
in work on NaOH solutions, an oil thermostat and a Leeds & Northrup Jones-Dike conductance 
bridge being used. Frequency dependence in the range 1-8 kHz was negligible. Corrections were made 
for the ionization of residual C 0 2  in the conductance water. The effects of hydrolysis of fluoride ion 
and HF,- formation were examined and found to be negligible provided the stock solution is stoichio- 
metrically neutralized. Results are given in Table 1. 

Apparent molar volumes were measured for the stock solutions by a 25-cm3 pyknometer, and for 
diluted solutions in a continuous dilution d i la t~meter .~ .~  

Table 2. Apparent molar volumes and molar conductances for 
aqueous sodium fluoride at infinite dilution 

Limiting values (Table 2) for the molar conductance were obtained by using the Pitts e q ~ a t i o n , ~  
and for the apparent molar volume by plotting against l / c ,  satisfactory agreement with the theoretical 
limiting slope being found. 

Discussion 

Using the known limiting molar conductances of sodium ion we obtain those of 
fluoride ion given in Table 2. It is noteworthy that the ratio of the mobilities of these 
two ions changes only 1 % over the temperature range studied, and the small difference 
between the absolute values suggests that their interactions with the solvent are of 
similar strength. This is of interest because the accepted model of anion solvation has 
a proton of the water molecule closest to the anion, while for a cation the oxygen is 
closest. 

Our value (55.3) for iwo(F- )  at 25' confirms those of Walden6 (55.4) and Erdey- 
Gruz et (55.3) against those of Kahlweit8 (53.8) and Duer e t  ~ 1 . ~  (55.7). Though 
sodium fluoride at higher concentrations shows evidence from activity coefficients of 
some ion-pairing, this does not appear to be significant at the concentrations (up to 
0.1 M) studied here, except in so far as the Pitts equation requires the rather small ion 
size parameter 

a = 2 . 3  x cm 
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The apparent molar volumes (Fig. 1) are negative at low concentrations, and become 
increasingly so as the temperature is lowered. This behaviour is similar to that found 
with sodium hydroxide,1° where the limiting value at 25°C is 4: = -5.25 cm3 mol-'. 
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Fig. 1. Apparent molar volumes of 
sodium fluoride in aqueous solution. 
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This suggests that the electrostrictive and structural effects of the isoelectronic ions 
F- and OH- oil water are fairly similar. 
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