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Abstract 

The density, viscosity and refractive index of aqueous L-ascorbic acid solutions, in the concentration 
range 0.01-1.20 M, have been measured at 2 5 T .  The partial molal volume of the undissociated acid 
at infinite dilution has been found to be 105.74 cm3 mol-I. Equations which describe the density 
and relative viscosity of the solutions have also been given. 

The physiological and medicinal aspects of L-ascorbic acid (vitamin C) have been 
investigated in great detail but the physicochemical data on this compound are meagre. 
This communication describes the densities, viscosities and refractive indices of aqueous 
ascorbic acid solutions. 

Experimental 
Analytical reagent grade L-ascorbic acid was dried over silica gel in a vacuum desiccator and was 

analysed for purity by potentiometric titration against carbonate-free potassium hydroxide solution. 
The compound was found to be 99.9% pure. Solutions were prepared by weighing the required 
quantity of the dried acid and dissolving it in degassed and nitrogen-flushed conductivity water 
(K < 1 x S cm-I) in 500-ml flasks whose outer surfaces were painted black; these solutions 
were used soon after their preparation. They were made up at 25°C and all masses were corrected 
for the density of air. Solutions were pushed into the pyknometers or viscometer, which were covered 
with aluminium foil, directly from the painted flask by nitrogen gas pressure. The thermostat tank, 
set at 25 f 0.05-C and controlled to f 0.005"C, was itself covered with black paper except for a small 
opening to handle pyknometers and viscometer. A red light of very low intensity (5-W bulb) was 
used to observe the levels. The solutions were protected from air and light thus preventing oxi- 
dation.' 

Two narrow-necked (3 mm internal diameter) flask-type pyknometers of approximately 40 rnl 
capacity were used to determine the density of each solution. The masses were corrected in the usual 
way and the reproducibility was better than 4 x g cm-3 in the density. 

An Ubbelohde viscometer was mounted on a brass frame and was always held in a vertical 
position in the thermostat bath. The flow time was measured to + 0.1 s. The viscometer was cali- 
brated by using doubly distilled water and triply distilled ethanol. The absolute visco~it ies~ '~ of water 
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and ethanol were taken as 0.8904 and 1.075 cP respectively. The flow time for pure water at 2 5 T  
was about 500 s. Kinetic energy corrections were made to the viscosity data. 

An Abbe instrument, with a sodium lamp, was used to measure the refractive indices of the 
solutions. Water at 25°C was circulated through the refractometer by a pump. The results of the 
three measurements are given in Table 1. 

Table 1. Density, viscosity and refractive index of aqueous L-ascorbic acid solutions at 25°C 
x ,  mole fraction of ascorbic acid; n, refractive index; or, degree of dissociation: calculated by 
successive approximations from the equations 

Kl = [cuZ/(l - oc)] f* log f k 2  = - 1.0196(~or)~1~/[1 -k Ba"(~or)'/~] 

where K, = 5.741 x B = 0.329 and a"  = 5 A [K2 being very small: pK2 11.57 (from Birch, 
T. W., and Harris, L. J., J. Biochem., 1933,27, 595; Kurnler, W. D., and Daniels, T. C., J. Am. Chem. 
Soc., 1935, 57, 1929)l. Values for Ki and B have been taken from ref. 4 and from Robinson, R. A,, 
and Stokes, R. H., 'Electrolyte Solutions' 2nd Edn, Appendix 7.1, p. 468 (Butterworths: London 

1959) respectively 

c m Mass x u P q/rl0 n 
(mol dm-3) (mol kg-') (%) (g cm- 3, 

Results 

The densities in g cm-3 of the solutions in the entire concentration range are given 
by the equation 

p = 0.99707+0.07105~-0.00025~~ 

with an average deviation of to-00004 g cm-3 where c is the molar concentration. 
In the concentration range 0.10-1.2 M the acid undergoes 3-1 % dissociation; to a 

first approximation therefore, it may be assumed to be in an undissociated state. Thus 
at infinite dilution the partial molal volume of the undissociated acid has been found 
to be 105.74 cm3 mol-I. However, at  0.01 M the dissociation is 9 %  and the partial 
molal volume shows a big drop. More experimental points at low concentrations are 
therefore needed to obtain the partial molal volume of the ionized  specie^.^ Traube 
contributions for the constituent atoms and groups etc. add up to 106.4 cm3 mol-l. 

The relative viscosities, in the range 0.01-0.70 M, have been fitted to an extended 
form of the Jones-Dole equation; the equation 

represents y/yO values within f 0.0002. The A-coefficient corresponds4 well to  A" = 
30.59 S cm2 mol-I for the ascorbate ion and the positive B-coefficient indicates 
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strong interaction with the solvent molecules.  iffu us ion^ studies have also shown the 
structure making nature of the acid. At 0.008152 M where the volume fraction is 
small (OS000769), Einstein's equation 

q/qO = 1+2 .5cv  

yields a value of 1.0019 for the relative viscosity. 
The relative viscosities are lower than for anhydrous citric acid s ~ l u t i o n s . ~  A 3 8 

mass % solution of citric acid is about as viscous as a 6 .9  mass % solution of ascorbic 
acid. 

The refractive index measurements probably were accurate within + 0.0002: the 
molar refraction, [R],, at infinite dilution therefore cannot be calculated with accuracy 
but it is approximately 36.4 cm3 mol-l. 
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