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THE AQUEOUS SOLUBILITY OF OZONE - A REVIEW

by

J. Carell Morris

Aqueous saturation values for ozone are
important for a fundamental understanding
of transfer rates in the dissolving of ozone
from the gaseous phase, among other things.
Published solubility values, however, differ
considerably and there seems to have been
no attempt to evaluate critically the avail-
able data and to develop a set of best
values. Summaries of ozone solubility values
by Hallopeau (1) and Mallevialle (2) have
not included attempts to resolve differences
in the reported data.

In part the present problem has arisen
historically. The first extensive set of
values, by Mailfert (3), which seem now
to be considerably in error at temperatures

less than 20°C and greater than 30°C,
were later adopted by the International
Critical Tables and thus gained unmerited

authority. In addition, the thermodynamically
implausible statement by Mailfert that
the aqueous solubility of ozone drops to
zero at 60°C achieved an unfortunately
widespread credence. The solubility is
difficult to measure because of rapid decom-

position of ozone, but it certainly exists.
Published ozone solubilities have been
expressed in three forms:

(1) as Bunsen coefficients, Z2 , where @

is defined as the volume of ozone at NTP
dissolved per volume of water when the
_ partial pressure of ozone in the gas phase
is one standard atmosphere;

(2) the
for the relation p

the ozone gas pressure in atmospheres
and m is the aqueous ozone concentration
in moles per cm’;

as Henry's Law parameter,
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m, where p is

(3) as the solubility ratio, S, where S is

the ratio of the solution concentration
of ozone, C,; to the gas concentration,
-C—:g’ both expressed in the same units,

i.e., g/L, mol./L, etc. Then

s-g/ 5,

(M
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The parameter, S, has been chosen for
presentation of data in this paper, principal-
ly because it is most directly related to
the experimental analytical figures. All
the parameters are easily connected, how-
ever. Thus

B=(2732)S /T (2)

and

H, =(8204T1/5 (3)

Fig. 1 presents solubility ratios for essential-
ly all the relevant measurements of aqueous
ozone solubility to be found in the literature.

A few early individual values, those of
Schéne (4) [S = 0.390 (189)], Carius (5)
[S = 0.640 (2°] and Ladenburg (6) have

been omitted. Most of the results, particular-
ly those of Kawamura (7), Stumm (8) and
Matrazov et al (9) agree well with one
another. The validity of their data is con-
firmed also by the less extensive results
of Briner and Perrottet (10), Razumovskii
and Zaikov (11), Rothmund and Burgstaller

(12), Muraki (13), Kilpatrick et al. (14),
and the Welsbach Laboratories (15). In
constrast, the values of Milfert (3) and
those of Rawson (16) disagree with the
finding of other studies and with each
other. Moreover, they exhibit aberrant
trends with temperature. It appears that
these last two sets of results should be
disregarded.

The solid line drawn in Figure 1 is the

proposed best fit to the data. It conforms
to the equation

log,,S = - 0.25 - 0.013t = 3.302 - 0.013T  (4)

The line has been constructed to correspond
more closely with the upper bound of the
concordant data, especially at the higher
temperatures, because most of the likely
systematic errors, such as failure to achieve
equilibrium saturation or loss of dissolved
ozone by decomposition, tend to give results
that are too low. The overall precision
and range of the data do not justify any
more than a linear dependence of log S on t.
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. values for O
| those for O is perhaps well known. That

Table 1 shows some values of S, and H

= . —e
at rounded temperatures computed in accor-
dance with equation (4). That the solubility
at 20° are about seven times

the

solubility values for O3 at 60° are
still about two and a half times those
for 02, rather than the zero announced

by Mailfert, may be less well appreciated.
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Figure 1. Aqueous Solubility of Ozone as a Function of Temperature.
S = wt O3 per unit vol. water & wt O3 per unit vol. in gas phase at one atm. total gas

pressure.

Solid line conforms to equation: 109105 = -0.25 - 0.013 t.
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Recommended Values for the Aqueous Solubility of Ozone

Temperature, °C

Parameter 0 5 10 75 20 25 30 40 50 60 80
S 562 L5417 ".309‘ .266 .299 .170 126 093 .051
B .562 402 .288 .244 .206 153 .107 076 .039
10_5_}:1_8 .399 .557 .778 .920 1.09 1.51 2.10 2.94 5.68
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Thermodynamically

d¢ nS/dT = AE/RT? (5)
where E is the molar energy of solution. From equation (4)

d¢ nS/dT = (2.303) (-0.013) = -0.0299 (6)
Then, AE at 25°C is equal to

AE298 = -(0.0299) (.00831) (298.2)2 = -22.1 KJ (7)
The enthalpy change, AH, for solution is AE - RT. So

AH = -22.1 - (.00831) (298.2) = -22.1-2.5 = -24.6 KJ (8)

298

This is a normal exothermic enthalpy of solution for a non-reactive, slightly soluble gas.
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Comment:

The translation of the concentration of
dissolved ozone in water in given experiment-
al conditions into terms of solubility needs
several precautions. The data of the litera-
ture on the solubility of ozone in water
are conflicting particularly when the tempe-
rature dependance is concerned. Professor
J.C. MORRIS presents here a small overview
paper on the topic by analysing on a statisti-
cal basis, the thus far published data.

The results of measurement may further
depend on the reliability of the analytical
methods, and the corrections e.g. for pressure,
temperature and the physical properties
of the water investigated like ionic strength,
pH etc. . . . The comparative analysis
of Professor J.C. MORRIS must certainly
be an incitation to all IOA-Members to
indicate with the necessary details the
experimental conditions of their work which
could contribute to make further progress
on the knowledge of the solubility of ozone
in water. Lecturers comments would be
greatly appreciated.

Dr. W.J. Masschelein



