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Adiabatic Compressibility of Aqueous Solution. I. Dicarboxylic

 and Oxycarboxylic Acid*

By Yutaka MIYAHARA

(Received May 5, 1952)

In a series of investigations, carried out in 

this laboratory(1)(2) and elsewbere,(3)(4)(5)(6) 

concerning the ultrasonic velocity measurement 

of aqueous solution, it has been shown that 

the adiabatic compressibility of solution is 

intimately related to the hydration of solute. 

The present study concerns the results obtained 

with dicarboxylic and oxycarboxylic acid 

solution.

Experimental

The ultrasonic velocity was measured by an 
-ultrasonic interferometer . The wiring diagram is 

shown in Fig. 1. The frequency of ultrasonics

precision of each measurement of sound velocity

was±0.02 percent.

The materials used were recrystalized from ‚f. 

P. or E. P. grade chemicals in trade.

Results and Discussion

As has been well known, adiabatic com-

pressibility is related to sound velocity in the 

following formula;

(1)

where D and c are density and velocity of 
sound respectively. And as reported in the 
previous paper (see appendix), we have the 
following relations between compressibility and 
hydration:

(2)

(3)

For a mole of solute, we have

(4)

where M' is molecular weight, Vh' the volume 

of hydrated water per mole of solute.

The obtained values of c/co (where co is

sound velocity in water), κc/κo, Vo and K at

20℃. are given in Table 1～8.

Fig. 1. 

was 1090 KC. The constant frequency applied 
during each measurement was obtained by ad-
justing it to the same frequency of commercial 
radio (JOAR) by heterodyne method. The dia-
meter and resonance frequency of X-cut crystal 
used were 20 mm. and 1270 KC respectively. The
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Table 1 

Malonic Acid

Table 2 

Succinc Acid

Table 3 

Glutaric Acid

Table 4 

Oxalic Acid

Table 5 

Tartaric Acid

Table 6 

Citric Acid

Table 7 

Malic Acid

Table 8 

Maleic Anhvdride

Table 9

Table 10

When a molecule has several radicals which 

interact with surrounding water molecules, 

Km may be represented by the sum of each 

component of individual radical;

(5)

To testify this we would chose the values of
Km, r for each radical rather arbitrarily as are
shown in Table 9. In Table 10, the calculated

values of Km using these Km,r values are

given. The coincidence between the experi-
mental and calculated values are fairly good 

except in the case of citric acid.

It is interesting that the value of Km,r of
methylene radical is shown as negative. It 
means rather formally from (4) that;

(6)

However, it is not intended here to discuss 
the physical meaning of each term in (4) 
quantitatively. To state qualitatively, it is
certain that the negativity of Km,r may be

attributed to the hydrophobic nature of 

methvlene radical.

Appendix

Compressibility of diluted aqueous solu-
tion.(1)(3)

The volume of solution V, containing xg 
solute, may be represented by the sum of 
volume of solute in the solution vm, of hydrated 
water vh and of non-affected water Vo';

(1a)

If we assume that compressibility of such
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solution is represented by the sum of that of 

each component in their volume ratio, we 

have;

(2a)

where,κm is compressibility of solute molecule.

 For one cc. of solution(2a)becomes

(3a)

(4a)

In terms of density, (4a) takes the form

(5a)

(6a)

(7a)

For a molecular solution, the compressibility 
of the molecule can be assumed to be zero, 
and we obtain (2).
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