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Relative Solvent Transport of Ion Constituents in Aqueous Organic Solvents 

By DAVID FEAKINS,* ROBERT O’NEILL, W. EARLE WAGHORNE, and ANTHONY J. I. WARD 
(Department of Chemistry, University College, Belfield, Dublin 4) 

Summary In dilute solutions of the organic component 
the alkali-metal, chloride, and hydrogen ions mostly 
transport water with respect to raffinose, dioxan, di- 
methyl sulphoxide, and allyl alcohol, but transport 
glycine with respect to water. 

RECENTLY~ we showed how the relative solvent transport 
of individual ions in a binary solvent mixture could be 
determined unambiguously. For a (1 : 1) electrolyte a t  
infinite dilution in an aqueous mixture, a transport experi- 
ment2 gives the Washburn number, w;, of water W with 
respect to the co-solvent S [equation ( l ) ] .  Erdey-Grliz 

w; = (n;)+tT - (n;)-tz (1) 

proposed that diffusion experiments3 could give En; [equa- 
tion (Z)]. 

Zn; = (a+ + (n3- (2) 

The numbers of moles of water transported per mole of 
ions with respect to the co-solvent (n;)+ and (n$)- then 
follow from equations (1)  and (2). 

We have now carried out a substantial programme of 
measurements of En: using a diffusion cell based on Stokes’s4 
design, and analysis by interferometry, and measurements 

When we began our own programme of diffusion measure- 
ments i t  became clear that Erdey-Gr6z et d3 had not 
properly corrected their results for the effect of dissolved 

of w;. 

electrolyte on the solvent activities, and had thereby 
seriously overestimated the transport of the non-aqueous 
component. Thus, as well as a selection of the new data for 
ionic n;, the Table shows the corrected data for the system 
previously reported,l 10% (w/w) allyl alcohol. 

The values shown for the raffinose system were obtained 
using Miller’s6 measurements of diffusion and Longsworth’ss 
measurements of transport. 

Preferential solvation in these systems is predominantly 
by water (positive nw). A striking exception is the glycine- 
water system, which is also interesting because the large 
negative n; resolve to very small w; for the alkali-metal 
chlorides (0-0.2 mol F-l). These results must be related 
to the zwitterionic and amphoteric character of glycine. 

The corrected values for the allyl alcohol system are now 
all positive, not negative as stated previously. Now, ni  
will be given by equation (3), where N is the total number 

ni  = N(1 - & / ( l  + 1) (3) 

of molecules of water and organic solvent transported by 
the ion and and l respectivery are the ratios of number of 
moles of W to the number of moles of S in the mixture and 
in the transported solvent respectively. 

Where there is strong preferential solvation by water, 
n; closely approaches N ;  i t  has been suggested’ that this 
happens in the raffinose-water system. Now that ni  is 
experimentally accessible, a minimum value of N can be 
found for any ion; i t  will be the highest value of n: found 

TABLE. Number of moles of water transported with respect to the organic component at infinite dilution, nZ.8 

Raffinose 
0.75 % 

Li+ 15 
Na+ 10 
K+ 5.5 
Rb+ - 
cs+ - 
H+ 1-5 
c1- 4 

Dioxan 

9.5 
8.3 
4.8 
1.5 
1.3 

1-7 

6% 

- 

Ally1 alcohol Me,SO 
10 % 5 %  
4.1 0.8 
4.6 4.3 
2.8 2.1 
- 3.1 

1.8 
- 0.9 

0.0 - 0.9 

- 
- 

Glycine 
2.5 % 
- 7.3 
- 5.0 
- 3.5 

- 3.3 

- 3.6 

- 
- 

acornposition as weight % organic component. Accuracy: raffinose f 2; others better than f 1 ;  relative accuracy in a given 
system rather better. 
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in all measurements with various co-solvents at  high water Recently Chemla and M’Halla8 have analysed the irrevers- 
concentrations. For the present, therefore, N cannot be ible thermodynamics involved, and have confirmed the 
less than the nt values in the raffinose-water system. possibility of obtaining ionic nz. They have obtained a 

Although these are perhaps the least accurate of any in value of Cn; = 14 for Na+Cl- a t  infinite dilution of dioxan 
the Table i t  is still clear that they are large and that earlier from a rather different type of diffusion experiment. 
ideas’ about shear occurring at  the ionic surface for the Extrapolation of our results gives n: = 12 f 2. 
larger alkali-metal and halide ions must be revised. 

The smaller n: values in the remaining systems therefore 
indicate varying degrees of competition by the co-solvent 
for the solvation of the ion; nz for Li+ shows this particu- 
larly well. (Received, 19th July 1979; Corn. 782.) 
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