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SOLUBILITY OF OZONE IN SOME FLUOROCARBON SOLVENTS
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SUMMARY

The solubilities of ozone 0-6 Wt% in air or oxygen, in 14 fluorocarbon
solvents have been determined at ambient temperature. Solubilities ranged
from 50 to 700 ppm {wt) for a gas phase 03 concentration of 6 Wt%. Com-
pounds with 03 solubilities <130 ppm (wt), exhibited approximate Henry's
Law behavior, whereas those compounds with 03 solubilities »200 ppm (wt)
showed apparent marked Henry's Law deviations.

INTRODUCTION

The soTubility of oxygen and carbon dioxide in fluorocarbons has been
well documented, [1,2,3] and has led to their use as blood substitutes.
The high solubilities of these and other gases in fluorocarbons has been
related qualitatively to their intermolecular empty volumes [4]. The
lTatter has been postulated to exist to justify the observation that many
fluorocarbons have high compressibility factors. Recently, in this labora-
tory, a need arose for a liquid with a high ozone solubility, that would be
inert to the ozone chemically, and that would not be photolysed to any
marked extent by 254 mm Hg arc irradiation. Both from chemical and photo-
chemical [5] considerations, fluorocarbons appeared to be 1ikely candi-
dates. The solubilities of ozone in 14 fluorocarbons were determined with
the results reported below.

EXPERIMENTAL

Ozone was generated in a Welsbach Ozonator Model T-23 using dry air or
oxygen. Flow rates through the generator ranged from 250-1,000 m1/min. By
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varying the applied voltage, maximum ozone concentrations up to =3 and 6
Wt% were possible with air and oxygen, respectively. Except in some pre-
liminary experiments, to determine if the gas flow rate had any effect on
the measured ozone solubi es

gas flow rates of 600 mi/min through the fluorocarbon to be saturated. All
surfaces in contact with ozone were fabricated from 316 stainless steel,
Teflon or pyrex glass. The fluorocarbons, usually between 30-80 ml were
held in a pyrex glass tube 22 mm ID and 400 mm, long (contact tube). The
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stream was bubbled into the
10 minutes. The surface temperature of the contact tube was monitored dur-
ing the saturation period. With the more volatile solvents, the gas flow
through the solvent resulted in cooling. In reporting the data, the lowest
surface temperature attained during the experiment has been recorded.
Immediately after terminating the ozone gas flow, the fluorocarbon solution
was transferred from the contact tube into a weighed potassium iodide solu-
tion. To avoid loss of ozone during this transfer, the saturated ozone
solution exited the contact tube via a stopcock through an 8 mm OD glass
tube, the end of which was below the surface of a potassium iodide solu-
tion. The combined weight of the KI + ozone-fluorocarbon solution was
obtained to determine the mass of fluorocarbon solvent transferred. After
vigorously shaking the solutions, the KI solution was acidified (HZSO“) and
titrated with 0.01N sodium thiosulfate using a starch indicator. Some
fluorocarbon solvents, usually those of high ozone solubility, dissolved
some fodine released in the KI/ozone reaction. Gently warming the solution
with vigorous agitation was necessary to reach the final end point of the

titration.

MATERIALS

The fluorocarbon solvents used in this study are listed in Table 1.
With the exception of the two Krytok liquids (DuPont), all solvents were
obtained from SCM Specialty Chemicals with claimed purities of »97%.
Except for Freon 113, on]y Timited quant1t1es of the solvents were

titration flask and the moisture removed with 'DriRite'. The solvent was
then reused for ozone solubility determinations. Apart from the latter
drying procedure, all solvents were used as received.
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RESULTS AND DISCUSSION

Since Freon 113 was readily available, a relatively large number of
experiments was made with this material to determine the required operating
conditions for the solubility study. On the basis of data shown in Table 2
(presented graphically in Fig. 1), it was determined that a contact time
of two minutes was sufficient to obtain equilibrium solubility values.
Contact times of 5 to 10 minutes were most often used to ensure establish-
ment of gas-liquid equilibrium. While larger samples would have produced
more accurate data, samples as small as 20 g gave consistent results. No
difference was noted with air or oxygen as the carrier gas. The experimen-
tal procedures are believed to be accurate to within +7%; any systematic
errors such as ozone loss during fluid transfer, ozone self-reaction, or
iodine solubility in the solvent would result in the quoted solubility data
being too Tow.

The solubility of ozone in 1,1,2,2-tetrachlorotetrafluorocyclobutane
had to be determined in a slightly different way than that of the other
fluorocarbons since this compound was a solid at ambient temperature. In
order to perform solubility tests, the material was dissolved in Freon 113.
Solutions containing 52, 60, and 65 Wt% of the cyclo-compound in Freon 113
were subjected to limited ozone solubility testing.

Data of the type shown in Table 2 and Fig. 1 were generated for each
of the fluorocarbons, though the number of experimental determinations for
each material was not so extensive as with Freon 113. In plotting solubil-
ity curves from the experimental data points, a linear relationship between
the gas phase ozone concentration, and the dissolved mass ozone concentra-
tion was assumed. This approach was consistent with ozone solubility fol-
lowing Henry's Law behavior. The equation, Y = A + BX, rather than Y = BX,
was used to fit the data, since it was clear that for many of the solvents
the data did not extrapolate to the Y = X = 0 point. Y 1s the solution
ozone solubility 1n'ppm (wt), A and B are constants, and X is the gas phase
0a concentration in Wt%. Data thus derived are presented in Table 3 for
the materials studied.

For the compounds Tisted in Table 3, the solubility data appear to fall
into two groups. Those materials, compounds #5-14 (Table 3), whose ozone
solubility followed an approximate Henry's Law relationship over the 0-6
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Fig. 1. Plots of the experimental data for the solubilities of ozone
in Freon 113 and 1,1,1-trichloroethane.

Wt% gas phase ozone concentration range investigated. In most cases, the

extrapolated curves did not intersect the X = Y = 0 point as required by
Henry's Law. However, deviations from the X = Y = 0 point can probably be

attributed largely to experimental errors in determining the individual
data points and to the limited number of determinations made. A second

group of solvents, compounds #1-4 (Table 3), exhibited ozone solubilities
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that were linear over the range in which measurements were made. Extrapo-
lation of the derived linear solubility curve to X = 0 clearly did not
result in a Y value close to zero. An example of this behavior is shown in
Fig. 1 for 1,1,1-trichloroethane.

For those compounds #5-14 (Table 3) in which Henry's Law was approxi-
mately followed, the ozone solubilities fall in the 50-130 ppm range,
whilst for those materials apparently deviating from Henry's Law, ozone
solubilities were in the 200-770 ppm range. It js difficult to account for
the differing ozone solubilities within the two groups of compounds. It is
possible those solvents with high ozone solubility may have reacted with
ozone to form stable 03 adducts which on addition of KI solution released
jodine that was subsequently titrated and quantified as free 03.
Alternatively, there may have been impurities in the solvents that on
treatment with ozone may have released species capable of oxidizing KI.
This latter possibility would require a rather high level of such
impurities since repeated use of the same solvent did not have any
noticeable effect on the results.

As noted earlier, oxygen has a marked solubility in some fluorocarbon
solvents. The highest reported [1] solubility of 0, in a fluorocarbon
solvent is 57.2 ml of 02/100 ml of solution at 25°C for pure oxygen in the
gas phase at 1 atmosphere pressure.. Considering that the solubility values
reported for 03 in Table 3 correspond to only 6 Wt% O2 in the gas phase,
the solubility of ozone in some of the solvents tested is impressive.
Indeed, those fluorocarbon solutions with higher ozone contents were pale
blue in color, an observation consistent with the known deep blue
coloration of pure ozone gas. Limited tests on the stability of a solution
of 0, 260 ppm (wt), dissolved in 1,2-dichlorohexafluorocyclobutane, showed
no detectable 03 Toss over a period of 30 minutes.
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