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594. The Activity Coeficients of Aqueous Solutions of Choline 
Chloride at 25'. 
By R. FLEMING. 

The isopiestic method has been used to determine the activity coefficients 
of aqueous solutions of choline chloride over the concentration range 0 . 1 4  
molal. Fitting Robinson and Stokes's two-parameter equation to the 
experimental results requires a value of h = 3.08 and a hydration number of 
2.65. Senko has found that the distance of closest approach between the 
choline and chlorine atoms in the crystal state is 3.04 A. 

THE activity coefficients of aqueous choline chloride solutions being important for 
another research we have determined them by the isopiestic method and have calculated 
the hydration number and distance of closest approach of the ions. 

EXPERIMENTAL 
It consisted of 

four stainless-steel crucibles, each with a rhodium-plated hinged lid, and they rested on a circular 
The isopiestic apparatus was based on .Robinson and Sinclair's design.l 

Robinson and Sinclair, J. Amer. Chcnz. Sac., 1934, 56, 1830. 
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Values for the activity of potassium chloride were obtained from Robinson and Stokes 
(Appendix 8.3).s 

The calculated activity coefficients were obtained froin Stokes and Robinson's two- 
parameter equation : * 

The second term was taken to be equivalent to 0.007824 x m x dc x n where n is the hydration 
number. It was found that values of the parameters a = 3.08 and n = 2-65 gave activity 
coefficients best fitting the experimental values. In the above equation A = 0.6098, bVA = 
0.018, and B was taken to be 0.3286 x lo*. 

DISCUSSION 
Varimbi and Fuoss5 have recently measured the conductance of choline iodide in 

dilute solution (0-001--0.021~) and have found that this salt shows no evidence of hydrogen 
bonding between the solvent molecules and the hydroxy-groups. These workers have 
found that the closest distance of approach between the choline and iodide ions is 5-39 A 
(3.19 = 7, )  and that there is little evidence of ionic association. If it is assumed that 

TABLE 3. Calculations. (n and a" refer to the two-parameter equations). 
n = O  % = 2.65 n = 3.66 

m Expt. 6 = 3.85 d = 4.52 d = 3.08 
0-503 0-641 0.645 0.686 0.633 
1.010 0.590 0.595 0.595 0.59 1 
2.000 0.563 0-552 0.552 0.565 
2.967 0.567 0.530 0.530 0-568 
3.878 0.590 0.516 0.516 0.583 

there is no ion association in the more concentrated solutions used in this work, then it is 
possible to use Stokes and Robinson's two-parameter equation to calculate theoretical 
activity coefficients which will match the experimental values. The values of a and n 
required to give a close fit are 3-08 and 2-65 respectively, and the distance 3-08 A seems too 
small, especially in view of the closest distance of approach found by Varimbi and Fuoss. 
Senko6 has found that in the crystal state the distance between the chloride ion and 
oxygen atom is 3.04 A and it appears that in concentrated solutions the distance between 
the choline and chlorine ions approaches that in the crystal state, although of course this 
is not the distance of closest approach between the ionic centres, as the oxygen atom is at 
the periphery of the choline ion. 

An attempt was made to use the one-parameter equation of Robinson and Stokes: 

where n is the hydration number, Vl is the apparent molal volume of the ion in A3, and 
A = 0.7 represents " penetration distance." Vl was estimated by using the relation 
Vl = V,, - 6+47%1723 where Vapp was taken as 124.1 C.C. and the radius of chloride ion 
r2 was taken as 1.81 A. Activity coefficients were first caltulated by assuming that 
n = 0 (d = 3.85 A), and then with n = 2-65 ( d= 4.52). The results are summarised in 
Table 3. They show that only the two-parameter equation fits the experimental results 
satisfactorily . 

The author thanks Dr. L. Saunders for his interest and advice. 

DEPARTMENT OF PHYSICAL CHEMISTRY, SCHOOL OF PHARMACY, UNIVERSITY OF LONDON, 
29/39, BRUNSWICK SQUARE, LONDON, W.C.l. 

Stokes and Robinson, J .  Amer. Chem. Soc., 1948, 70, 1870. 
Varimbi and Fuoss, J .  Phys. Chem., 1960, 64, 1335. 
Senko, U.S. Atomic Energy Comm. Report, 1957, U.C.R.T,. 3521. 
Robinson and Stokes, ref. 3, p. 249. 

[Received, December 8th, 1960.1 


