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The view that in concentrated aqueous solutions and in some different solvents 

the apparent molal volumes of electrolytes increase with increase in concentration 
and obey the Masson’s equation’, inspired a large number of research workers to 
test the validity of the fact in determining the apparent molal volume of various 

electrolytes in varying concentration ranges in different solvents. Bruno and Della 
Monica’, from density measurements of alkaline and alkaline-earth metal salts in 
formamide, reported that the apparent molal volumes of these salts do not change 
with concentration. On the other hand, Gopal and Singh3 studying tetraalkylammo- 
nium salt series in this solvent observed the variation of apparent moIa1 volume with 
concentration. With a view to obtaining an independent check, the present work 
aims at determining the apparent molal volume of potassium halides in formamide 
from density measurements in varying ranges of concentration at different tempera- 
tures. The coefficients of thermal expansion, and the apparent and partial molal 
expansibility of solutions of potassium halides have also been determined in this 
solvent at 25°C. 

EXPERIMENTAL 

Potassium chloride, potassium bromide (B-D-H. Analar), and potassium iodide 
(Guaranteed Reagent) were dried at 100 and ZOO”C, respectively, for 2 h and kept 
in a vacuum desiccator before use. Formamide (B-D-H., L.R.) was purified by the 
method as adopted by Dash and Nayak 4. Density measurements were carried out 
by following the procedure of Bruno and Della Monica’. 

RESULTS AND DISCUSSION 

The apparent molal volumes were calculated from the observed densities by 

means of the relation given by* 
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TA3LE 1 

VALUES OF r+b$, s,, A Ah?) B CONSTANTS (OF EQX- 4), vz milx ASD r/,n FOR POTASSIUhl CHLORIDE, BROXIIDE 

AND IODIDE, AT DIFFERENT TEhlPERATURES 

T &rO St! A B p.2 mut VU, 
(‘Cl (ml nlokl) (n1Pf2 n~ole-~f~) (mln~ole-I) (nil rnokl) 

15 

20 

25 

30 

35 

40 

45 

KC1 31.25 3.17 0.03901 0.00361 35.51 
KBr 38.21 3.85 0.07555 0.00441 43.42 
KT 50.11 5.12 0.10899 0.00582 57.3 1 

KC1 31.62 3.10 0.03571 0.00350 35.77 
KBr 38.53 3.51 0.07533 0.00432 43.66 
KI 50.33 5.14 0.10596 0.005s3 57.55 

KC1 31.97 3.01 0.03844 0.00341 36.02 20.77 
KBr 35.91 3.65 0.07508 0.00419 43.s7 24.23 
KI 50.78 4.95 0.1 OS66 0.00559 57.69 30.20 

KC1 32.39 2.93 0.03814 0.0033 1 36.27 
KBr 39.26 3.61 0.0749 I 0.00416 44.12 
KI 51.11 4.90 0.10546 0.00544 57.94 

KC1 32.75 2.85 0.03787 0.00325 36.57 
KBr 39.57 3.59 0.07466 0.00404 44.37 
KI 51.4s 4.75 0. IOSZS 0.00534 55.13 

KC1 33.07 2.57 0.03760 0.003 1 s 36.57 
KBr 39.90 3.55 0.07445 0.00396 44.65 
KI 51SI 4.71 O.lOS15 0.00526 55.34 

KC1 33.42 3.21 0.03737 0.003 14 37.33 
KBr 40.12 3.66 0.07424 0.00387 44.95 
KI 52.09 4.70 0.10805 0.00522 5S.60 

where c is the moIar concentration of the soIution, IM, is the molecular weight of the 

solute, and n’, and n are the densities of the pure solvent and solution. respectively. 

The apparent molal volumes thus obtained were found to vary linearly with 

cl/‘, agreeing fairly well with the relation’ 

&, = 4: + s,cz’2 (2) 

over the range in which the densities were determined, where c$: is the apparent molal 
volume at infinite dilution and S,(= @,,/W” ) is the slope of the plot of c$~ vs. c*/‘_ 

The densities of the solutions were calculated by using the equation” 

n = d 
a 

+ (1M2 - &I &?)c _ W$/g2 
1000 

Equation (3) can be represented by the relation of the form 

d = n, -I- AC - Bc312 

(3) 

(4) 



Observed values 

in 10 000. 

In Table 1 

of the density are reproduced by these equations to at least 1 part 

are presented the values of @z, S,, A and B constants for the potas- 
sium halides at each of the seven temperatures. The partial molal volumes, vz, were 

calculated by the relation” 
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v2 = 4” i- ( 1000 - c &ti 
---- .I s Cl/t 

200&- s,c3f2 o (5) 

for these salts at different temperatures for various concentrations of the solutions. 

The partial molal volumes at the highest concentration, vzmau for the seven in- 

vestigated temperatures are also included in Table I, along with the molal volume 

values V, calculated by means of the following equation 

V, = 4/3 7r (I.,” + $)N (6) 

where r, and I-~ are the ionic radii of the corresponding ions, and are reported in the 

literature6. 

The apparent molal expansibility of the solute, $E, was calculated from densities 

and their temperature coefficients by using the equations’ 

where Q and z0 are the coefficients of thermal expansion of solution and solvent, 

respectively, and are given by 

and 

The values of bE like (6,- can also be represented by the expression 

$E = & -I- s,c”2 

where 

+E = 0.0718 - 0.0127 cl” 

(bE = 0.0669 - 0.0136 c*‘~ 

(10) 

(11) 

(12) 

and 
:. 

& = 0.0642 - 0.0135 cl” (13) 

for potassium chloride, bromide and iodide, respectively, at 25 “C and I atm pressure. 

By substituting the values of $E and SE for potassium salts in place of 4” and S, in 
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eqn. (5), the partial molal expansibility Ez has also been calculated at this temperature. 
The coefficients of thermal expansion for potassium salts at 25°C and 1 atm 

pressure have been represented by the equations 

a(KC1) = 7.393 x 1O-4 + 0.479 x 10-4c - 0.146 x lo-“c3” (14) 

cr(KBr) = 7.393 x 1O-s + 0.382 x lo-% - 0.164 x 10-4c3’z (15) 

and 

a(K1) = 7.393 x 1o-4 + 0.288 x lo-“c - 0.199 x 10-Jc3’z (16) 

It has been found that Masson’s law is obeyed by potassium halides in form- 

amide over a considerable concentration range within an accuracy of 0.01 y0 in the 
density determinations. Unlike Monica et al.‘s investigation on alkaline and alkaline- 
earth metal salts in this solvent, the apparent molal volumes of potassium halides are 
foun.d to increase with increase of concentration in the present study, lending support 
to the applicability of Masson’s law in formamide. 

It is interesting to compare the present set of data with that available in aqueous 

medium5 at 25°C. The slopes, s,, of the plot of 4, vs. c*/~ are expected to be positive 
because of the electrostatic ion-ion interaction in both the solvents but in formamide 

these are found to be more positive, pointing to the greater electrostatic ion-ion 
interaction in this solvent than in water. The reverse order in the slope values for the 
potassium halides observed in formamide in comparison with that in water indicates 
that the extent of anionic. solvation is affected more in formamide than in water. 
The decreasing trend in the slope values (Table 1) for the three salts with increase of 
temperature points to the enhanced ion-solvent interaction in this solvent. 

The limiting apparent molal volume, &,“, of potassium halides like that of 
tetraalkyl ammonium salts reported in formamide’ increases with increase of tempe- 
rature and has been given in the form of equations (variation of #E with any tempera- 

ture T in “C,) 

&KCI) = 30.17 + 0.0728 T 

&KBr) = 37.26 + 0.0652 T 

and 

&(KI) = 49.04 + 0.0686 T 

Comparing the 4: values of KCI, KBr, and KI (31.97, 38.91 and 50.78 ml 
mole- l, respectively) obtained in formamide at 25°C with that available in wate?, 

26.52, 33.73, and 45.36 ml mole-’ at this temperature for KCl, KBr and KI, respec- 

tively, it is observed that the $z values are greater in formamide than in water, lending 
support to the view that the higher dielectric constant favours a higher value of $f 
as a result of stronger electrostatic ion-solvent interaction It is interesting to note a 
similar order of 4: for the potassium salts in both formamide and water. Our 4: 
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values at 25°C are in good agreement with those reported earlier at this temperatures. 
Unlike Monica et al.‘s investigation, the partial molal volumes, vt, for the 

potassium salts increase with increase in concentration For each temperature. This 
increasing trend is also observed in the case of copper sulphamate studied in aqueous 
solutiong. However, the rt tends to a constant value with increase in concentration 
in the present study. The decrease of the partial molal volume values in the low 
concentration region in the case of the potassium salts is in contradiction to the 

electrostriction phenomenon, according to which the partial molal volume should 
increase because of the increase of the available number of solvent molecules for 

each ion in dilute solutions, yet appears reasonable owing to the structure breaking 
of the solvent molecules in concentrated solution of high charge density ions like 
potassium and halide ions characterized by very strong interaction forces with the 
so-lvent molecules. Tt is evident from Table 1 that there seems to be no agreement 

betlveen the modal volume values, V,,,, of eqn. (6). the partial modal volume in the 
highly concentration solution, vzm3., and 4: values for the potassium halides in this 
solvent. 

By means of eqns. (I I)-(13), the apparent molal expansibilities for potassium 
hdlides have been calculated at 25 “C. Comparing the Iimiting apparent molal expansi- 
bility, 4: of KC1 obtained in formamide at 25°C (0.0718 ml mole-’ deg-‘) with that 
available in water’ (0.0850 ml mole-’ deg-‘) it is seen that #E is greater in water 
than in formamide. The reason for this might be that the apparent molal volume is 

affected more in changing the solvent from water to formamide. 
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