
Journal of Physical and Chemical Reference Data 12, 163 (1983); https://doi.org/10.1063/1.555680 12, 163

© 1983 American Institute of Physics for the National Institute of Standards and Technology.

The Solubility of Oxygen and Ozone in
Liquids
Cite as: Journal of Physical and Chemical Reference Data 12, 163 (1983); https://doi.org/10.1063/1.555680
Published Online: 15 October 2009

Rubin Battino, Timothy R. Rettich, and Toshihiro Tominaga

ARTICLES YOU MAY BE INTERESTED IN

IUPAC-NIST Solubility Data Series. 103. Oxygen and Ozone in Water, Aqueous Solutions, and
Organic Liquids (Supplement to Solubility Data Series Volume 7)
Journal of Physical and Chemical Reference Data 43, 033102 (2014); https://
doi.org/10.1063/1.4883876

The Solubility of Nitrogen and Air in Liquids
Journal of Physical and Chemical Reference Data 13, 563 (1984); https://
doi.org/10.1063/1.555713

Rate Constants for the Decay and Reactions of the Lowest Electronically Excited Singlet State
of Molecular Oxygen in Solution. An Expanded and Revised Compilation
Journal of Physical and Chemical Reference Data 24, 663 (1995); https://
doi.org/10.1063/1.555965

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/222900553/x01/AIP/HA_WhereisAIP_JPR_PDF_2019/HA_WhereisAIP_JPR_PDF_2019.jpg/4239516c6c4676687969774141667441?x
https://doi.org/10.1063/1.555680
https://doi.org/10.1063/1.555680
https://aip.scitation.org/author/Battino%2C+Rubin
https://aip.scitation.org/author/Rettich%2C+Timothy+R
https://aip.scitation.org/author/Tominaga%2C+Toshihiro
https://doi.org/10.1063/1.555680
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.555680
https://aip.scitation.org/doi/10.1063/1.4883876
https://aip.scitation.org/doi/10.1063/1.4883876
https://doi.org/10.1063/1.4883876
https://doi.org/10.1063/1.4883876
https://aip.scitation.org/doi/10.1063/1.555713
https://doi.org/10.1063/1.555713
https://doi.org/10.1063/1.555713
https://aip.scitation.org/doi/10.1063/1.555965
https://aip.scitation.org/doi/10.1063/1.555965
https://doi.org/10.1063/1.555965
https://doi.org/10.1063/1.555965


The Solubility of Oxygen and Ozone in Liquids 

Rubin Battlno, Timothy R. Rettich,a) and Toshihiro Tominagab
) 

Department of Chemistry, Wright State University, Dayton, Ohio 45435 

This review covers the solubility of oxygen and ozone in liquids as a function of tempera- . 
ture and pressure. Solubility data for individual systems were critically evaluated and 
recommended or tentative values presented in many cases. The trend of solubilities in 
homologous series or related solvents is discussed. Liquids include water; seawater; 
aqueous-salt solutions;-mixedsolvents; hydrocarbons; organic compounds containing 
oxygen, halogen, sulfur, nitrogen, or silicon; olive oil; and human blood. For ozone, only 
its solubility in water is presented. 

Key words: aqueous solutions; biological fluids; gas solubility; hydrocarbons; mixed solvents; or
ganic solvents; oxygen; ozone; seawater; water. 
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This review covers the solubility of oxygen and ozone in 
most liquids and solutions for which data are available and at 
all temperatures and pressures. The fluids considered in
clude pure liquids, liquid mixtures, aqueous and organic so
lutions, and biological fluids. The fluids not considered in
clude molten salts, alloys, metals, glasses, and slags as well as 
polymeric materials. The literature beginning with Henry in 
1803 has been systematically searched, and our coverage in
cludes articles published through the end of 1980. However, 
since this is a critical review we will not cite all of the papers 
published for a given gas/liquid system, but just those which
present data that are precise enough to contribute to the 
recommended or tentative values. For the most recent com
prehensive coverage of the literature see Ref. 1. We would 
appreciate hearing about omissions. 

Other compilations or reviews relevant to this one are 
those of Markham and Kobe2 (general through 1940), Bat
tino and Cleve~ (general through 1966), Clever and Battin04 

(general through 1974), Wilhelm and Battin05 (thermodyna
mic functions at 25 °C), and Wilhelm, Battino, and Wilcock6 

(low-pressure for 57 gases in water), the two books by Ger
rard7.8 (comprehensive annotated surveys emphasizing the 
"R-line"), Kertes et al.9 (general review), Stephen and Ste
phenlo (data tables), Seidellll (data tables), Landolt/Born
stein Tabellen12 (data tables), the International Critical Ta
bles,13 and the IUP AC volume on oxygen and ozone 
solubilities. 1 In addition, the books by Prausnitz14 and by 
Hildebrand, Prausnitz, and Scottl5 have excellent chapters 
on gas solubilities. 
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21. The mole fraction solubility of oxygen in five oxy
gen containing solvents at 101.325 kPa partial 
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No data for the solubility of oxygen in heavy water were 
_ found 105 -this system should be studied. There is also a pau
city of high pressure data, no doubt for the simple reason 
that under these conditions the dissolution vessel may be
come a bomb calorimeter or reaction vessel due to the high 
reactivity of compounds with oxygen. 

2. Methods of Measurement 
Most gas solubility measurements are done by physical 

means using manometers, burets, and calibrated volumes. 
Gas chromatography has also been used. The physical meth
ods range in precision from a few per cent to the high-preci
sion apparatus developed by Benson and Krause17 which is 
capable of hundredths of a per cent precision. We would 
classify precisions of 1 %-2% as being routine, 0.1 %-0.2% 
as being excellent and less than 0.1 % as outstanding. (Only 
Benson and co-workers and Battino and co-workers have 
achieved the last standard). Although gas chromatography 
has been used for many gas solubility measurements, the 
precision is generally poor, rarely exceeding 3%. Readers 
interested in the methods used for determining gas solubili
ties in the individual papers cited in this article should refer 
either to the original paper or to Ref. 1 which briefly de
scribes methods of measurement for each paper. 

Oxygen and ozone solubilities may also be determined 
by chemical means. Modific~tions of the Winkler method 
are the most commonly used for oxygen, particularly in wa
ter and seawater. The modified Winkler method is capable of 
precisions better than 1 % if carried out carefully. Also, there 
are commercially available many devices that utilize the 
principle of the Clark (polarographic) electrode to determine 
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oxygen concentrations in solution directly by electrochemi
cal means. The precision of this approach is about one per 
cent. The special problems connected with determining 
ozone solubilities in water are discussed in Sec. 5.1. 

3. Treatment of the Solubility Data 
The reviews l

-4.9 discuss solubility units and how·they 
are derived and interrelated. Gerrard7

•
8 has a special ap

proach to gas solubility and units and bases his analyses on 
the "R-line," a reference line modeled after Raoult's law. 

3.1. Solubility Units 

Gas-solubilities-have-beetrpresented--in manyllifferent 
formats, some peculiar to specialized research areas. The 
physical quantities we have chosen for presenting data are 
the mole fraction at 101.325 kPa partial pressure of gas (or 
other pressure where specified) and the Ostwald coefficient 
L. The latter is defined by Eq. (I) where Vg is the volume of 
gas absorbed by the volume of absorbing liquid (not solution) 
VI' both measured at the same temperature. 

(1) 

If the gas behaves ideally (within the limits or error of the 
measurement) and if Henry's law is applicable, then the 
Ostwald coefficient is independent of the partial pressure of 
the gas. However, it is useful to specify the pressure condi
tions of the experiment. (Note that some authors define the 
-0stwald-coefficient--as-the-ratio-of-the-concentration-of-the 
gas in the liquid phase divided by the concentration in the 
gas phase. Also see Ref. 106.) The mole fraction of a gas in 
the solution is related to the Ostwald coefficient by the fol
lowing equation: 

X 1 = -0- - -+Bll + I , [ 
1 (RT ) ]-1 

V1L Pg 

(2) 

where V~ is the molar volume of the pure liquid, R is the gas 
constant, T the temperature, Pg the partial pressure of the 
gas, Bll the second virial coefficient of the gas. Bll for oxy
gen t6 varies smoothly from - 45 cm3 mol- t at 200 K to 
- 1.0 cm3 mol- t at 400 K. Thi~ convert~ to correction fac

tors of 0.27% at 200 K, 0.063% at 300 K, and 0.003% at 400 
K (assuming 101.325 kPa). Aside from the oxygen solubili
ties deter'mined with exceptional precision by B. B. Benson 
and co-workers (who made real gas correlations in their 
work), the B 11 term is negligible. 

The Bunsen coefficient a which is defined as the gas 
volume at STP (101.325 kPa amI 273.15 K) absorbed per 
volume of pure liquid at the temperature of the measurement 
is related to the Ostwald coefficient by 

a = 273.15L/T. (3) 

The general formulation of Henry's law is 

PI = KHx t , (4) 

where K H is the Henry's law constant and Pt is the partial 
pressure of the gas. Strictly speaking, Henry's law is a limit
ing law (for p~) although in its simple form in Eq. (4) it has 
been shown to be applicable in limited pressure ranges in 
many cases. (See Gerrard7

•
8 for counter arguments and ex

amples.) In this paper the relevant form of Henry's law will 
be explicity identified where it is used. 

Finally, any specialty units not described above will be 
discussed where cited. Where feasible we converted the 
quantities used in the original paper to mole fractions and 
Ostwald coefficients and the units to SI. 

3.2. Reliability Estimates 

The precision of the data has been estimated by us based 
on the authors' statements, comparison with other workers, 
and our own judgment. Precision is reported in terms of one 
standard deviation unless otherwise specified. -

3.3. Fitting Equations 

All fitting has oeen OOI.l\" vj .lc;a:SL squares analysis to the 
followin~ form where 'T = T /100 K: 

lnx t =Ao +AI/'T +A21n 'T +A3'T +A4r. (5) 

The terms in this equation have been derived from the work 
of Val en tiner, van't Hoff, Clarke and Glew, and R~ F. Weiss. 
Benson and Krause17 prefer a smoothing equation which fits 
- In Xl to a power series in I/(T /K). Although this power 

series sometimes fits data with fewer coefficients than Eq. 
(5), we prefer Eq. (5) since we consider the thermodynamic 
functions derived from it to be better behaved than those 
derived from the power series form. For example, the two
term fit in I/(T /K) implies a zeroth-order temperature de
pendence for the heat capacity. 

3.4. Thermodynamic Functions 

The thermodynamic functions that are obtained by tak
ing appropriate derivatives ofEq. (5) may be calculated from 

.dG~ = -AoR (T IK) -100A tR 
- A2R (T IK)ln(T /100 K) - A3R (T IK)2/100, (6) 

.dS~ =AoR +A2R In(T /100 K) 

+ A2R + 2A3R (T /100 K), (7) 

.dli~ = - l00A 1R +A2R (T IK) +A3R (T IK)2/100, (8) 

.de;) =A2R + 2A3R (T /100 K). (9) 

These thermodynamic fWlctioms refer to the change in the 
property upon transfer of gas from the vapor phase at 
101.325 kPa partial pressure to the (hypothetical) solution 
phaRe ofllnit mole fraction. For most of the syste.ms reported 
herein only two constants are needed to fit the data, three 
constants are required infrequently, and four constants are 
needed only in cases of unusual precision and/or curvature. 

4. Oxygen Solubility Data up to 200 kPa 
In this section we present solubility data up to about 

200 kPa partial pressure of gas in subsections by solvent. The 
order of presentation can be seen in the table of contents. The 
presented data are smoothed and presented by groups as well 
as for individual solvents or solutions. 

4.1. Oxygen in Water 

The solubility of oxygen inwater has been the subject of 
many papers since the early measurements by Bunsen. The 
bulk of the work concerns oxygen at pressures near atmo
spheric and temperatures below 348 K. This presentation of 
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recommended solubility values is, therefore, divided into 
two temperature ranges: below 348 K (Table 1) and above 
348 K (Table 3). 

Table 1 is a summary of recommended solubility values 
determined from a critical survey of over 40 papers. From 
thesc;, 2~ pa.p~rs W~l·~ ~Ac1udeU ru; cuutaiuiug llala. lllure;:: lhi:lfi 

two standard deviations from a smooth curve. The 149 se
lected data points in the remaining 15 papers were then 
smoothed by Eq. (5). 

In addition to values for the mole fraction, the Ostwald 
coefficients and C values are shown in Table 1. The solubility 
term C is defined by the equation 

C ImL(STP)L- 1 = (x1){4.689X 10°) , (10) 
- V;'/mL3mol- 1 

where the mole fraction Xl is at 101. 325 kPa partial pressure 
of oxygen, V;. is the molar volume of pure water at tempera
ture T, and the ratio of oxygen in air is assumed to be 
20.94%. Thus C is the number of milliliters of gas at STP 
from air dissolved in one liter of solvent. Table 1 also in- -
eludes as a convenience the values for the molar volume of 
pure water at selected temperatures. These values are often 
used to calculate solubility in units other than those already 
tabulated, and were obtained from Kell's equation for the 
density of pure water. 18 For temperatures below 348 K, the 
fitting equations are 

ltLx1-;:;;:-- _=-_64.21517 + 83.912361--7'-+.23.24323-1n(r),- (11) 

In L = - 58.51653 + 84.5991/1' + 24.41285 In (1'), (12) 

In C = - 52.16764 + 84.59929/1' + 23.41230 In(1'). (13) 

The 15 sources for the solubility data used in Table 1 are 
Refs. 17, and 19-32. The data used from each are shown 
below by (reference number-number of data points used): 

213.15 - 3116.15 I and partial presallre of gas of 101.325 kPaa 

T IX V~/mL Il101-' '05x,b '02Lb Cb/lll..(STPlL-1 105x,
c 

213.15 18.018 3.9119 11.913 10.277 3.958 

2'/8.15 18.016 3.1160 11.384 9.005 3.465 

283.15 18.020 3.070 3.958 7.988 3.075 

288.15 18.031 2.756 3.614 7.167 2.761 

293.15 18.047 2.501 3.333 6.1198 2.508 

298.15 18.068 2.293 3.1011 5.951 2.301 

303.15 18.094 2.122 2.918 5.499 2.13' 

308.15 18.123 1.982 2.766 5.128 1.991 

313.15 lB.156 1.867 2.6113 4.822 1.874 

31B.15 18.193 1.773 2.51+5 /f.570 1.718 

323.15 18.233 1.697 2.468 11.364 1.697 

328.15 18.216 1.635 2.409 11.195 1.6Jl 

333.15 18.323 1.586 2.367 4.059 1.575 

338.15 18.:372 1.5119 2.339 3·953 1.530 

3113.15 18.1125 1.521 2.325 3.871 1.493 

3118.15 18./f80 1.502 2.322 3.Ml 1.463 

bSmoothed valuel! from fifteen 50Urc8l! Ul!ing eqs (Ill. (12). and (13l. 
respectively. 

CSlDoothed valuea using eq (15) from reference [19]. 
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TIK 

ar,.f, 

218.15 

283.15 

288.15 

293.15 

298.15 

303.15 

3<18.15 

313.15 

318.15 

323.15 

328.15 

333.15 

338.15 

3113.15 

31l8.15 

Table 2. Thermodynamic functions for dissolving oxygen 

at 101.325 kPa pressure in water in the 

temperature range 273.15 - 311B. 15 ~ 

ll~/kJ 1101-
' 

llB~/kJ 1101-1 A~I J mol-'e' 

z,.oz -IT.ZO -f'fT.' 

23.75 -16.18 -1/f3.6 

24.l16 -15.16 -139.9 

25.15 -111.15 -136.11 

25.83 -13.13 -'32.9 

26.118 -1.2.11 -129.5 

'21.12 -11.10 -126.1 

27 .711 -10.08 -12.2.7 

28.35 -9.06 -119.5 

2B.94 -B.05 -116.3 

29.51 -7.03 -lB.! 

30.07 -6.01 -110.0 

30.61 -5.00 -106.9 

31.11i -3.98 -103.9 

31.65 -2.97 -100.9 

32.15 -1.95 -91.9 

aSee text ror collllllents i using coet'ficients in eq (11). 

(17-21), (19-37), (20-26), (21-14), (22-2), (23-15), 
(24-1). (25-3). (2&:-14). (27-1). (28-1), (29-1), (30-8). 
(lL_-3),.(32~2). 

Fitting all 149 points by Eq. (5) gave a stanaara devi
ation of ± 0.36%. Considering the variety of both chemical 
and physical techniques used to measure the solubility, and 
the number of data points, this fit shows an amazing consis
tency. The recommended values in Table 1 are believed to be 
accurate to about ± 0.3%. (See next section.) 

From the coefficients Ao, AI' and A2 in Eq. (11), the 
thermodynamic functions can he calculated according to 
Eqs. (6H9). Note that for a three term fit, the value for .de; 
is constant at 203 J mol- I K -lover this temperature range 
within the precision of the data. The Gibbs energy, enthalpy, 
and entropy changes are listed in Table 2. 

The solubility of oxygen in water at temperatures above 
348 K were investigated by Stephan et 01.33 and Pray et 01.34 

Their data were fitted by Clever and Han,35 together with 
lower temperature data to yield: 

lnxl = - 54.0411 + 68.8961/7"+ 18.554In(7). (14) 

Table 3. SolubUity of oxygen in water tor the temperature range 3/f8.15 -

573.15 K and partial pressure of 101.325 kPaa 

T/K 105 x, TIX 105 x, 
3118.15 1.502 1133.15 1.780 

353.15 1./f7S 453.15 2.038 

3!;A.15 1.11/;? 117'1.1'5 2.388 

363.15 1.1150 1193.15 2.852 

366.15 ,./f45 513.15 3.460 

373.15 1.4411 533.15 4.250 

393.15 l.lI81 553.15 5.276 

413.15 1.599 513.15 6.603 

- aSee text for cOlllllents. 
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Values for the mole fraction of dissolved oxygen at selected 
temperatures are shown in Table 3. The precision of these 
values is poorer than those below 348 K, and is estimated to 
be ±2.0%. 

4.1.a. OxygenIWater as a Recommended Reference System 

We recommend the system of oxygen dissolved in water 
as a reference system since it is the most commonly mea
sured and most precisely known gas solubility. While the 
data in Table 1 summariZe the best available solubility values 
derived from many sources and thus are appropriate for gen
eral use, recent work shows much better precision than the 
0:3 % assoCIated with-TiibleT.-Therefore, newmethods with 
high precision should use the smoothed values from Benson 
et al. 19 for comparison. They proposed the following fitting 
equation hetween 273 and 373 K: 

-lnxI 3.71814 + 5.59617X 103/(T /K) 
~ 1.049668 X 106/(T /K)2 (15) 

or when the data are refitted by Eq. (5): 

In Xl = - 64.21517 + 83.91236/r + 23.243231n(1"). (16) 

The standard deviation from the fitting equation is 
± 0.017%, which is by far the most precise measurement of 

gas solubility to date. 
Benson et al. 19 determined a mole fraction XI of 

2.301 X 10-5 at 298.15 K and 101.325 kPa partial pressure 
-of-oxygel1~ Thisvalue- is-0:35%-higher-than-thatgiven in 
Table 1, but the historical trend has been towards higher 
mole fraction values.3

,6 Since this is the most precise and 
probably most accurate gas solubility measurement avail
able, all future tests of methods should include values for the 
system of oxygen in water for comparison. Smoothed values 
from Eq. (15) are given in Table 1. 

Mortimer36 recently presented a critical review of oxy
gen solubilities in fresh waters with many tables, nomo
graphs, etc. His recommendations are based on the work of 
Benson et al. 19 

4.2. Oxygen in Seawater 

The solubility of oxygen in seawater has been studied 
nearly as widely as the sQlubility in pure water, but with less 
agreement among the data provided by different research
ers. The most reliable data appear to be those from Carpen
ter20 and Murray and Riley,26 with mea~nrements between 0 
and 36 °C and 0% to 40% salinity. 

Table 11. Coefficients for eq (19) for several solubility units 

tor oxygen in seawater 

Coefficients mL(STP)/L mL(STP)/kg mol/kg 

A1 -1268.9782 -1286.21108 -1282.87011 

A2 36063.19 36607.62 36619.96 

A3 220.1632 223.0650 223.1396 

All -0.351299 -0.3511587 -0.354707 

B1 6.229x10-3 5.95I1x10-3 5.957xl0-3 

B2 -3.5912 -3.7341 -3.7353 

B3 3.4I1x10-6 3.68x10-6 3.68x10-6 

Table 5. Values of C in mL oxygen (STP) per liter seawater for 

selected temperatures and salinities. 

Salinity/J 

TIK 0 5 10 15 20 25 30 35 110 

273.15 10.216 7.2908 5.2936 3.9102 2.9384 2.2464 1.71172 1.3825 1.1129 

278.15 8.9185 6.4406 4.7319 3.5368 2.6894 2.0805 1.6374 1.3110 1.0679 

283.15 7.8852 5.7597 4.2801 3.2358 2.4887 1.9474 1.5502 1.2554 1.03113 

288.15 7.0472 5.2045 3;9104 2.9890 ,2.3243 1.8388 1.11800 1.2116 1.0095 

293.15 6.3557 11.7440 3.6024 2.7830 2.1873 1.7489 1.11227 1.1774 0.9912 

298.15 5.7754 11.3554 3.3415 2.6081 2.0709 1.6730 1.3750 1.1496 0.9779 

303.15 5.2803 4.0218 3.1164 2.4566 1.9702 1.6075 1.3343 1.1268 0.9680 

308-:i5 If.8511 3.7306 2.9;66- 2-;]230 'L6810 1.5495 1;2986- -1-:-1012- 0.9604 

313.15 4.4731 3.4720 2.7417 2.2026 1.8002 1.4968 1.2662 1.0896 0.9540 

The difficulties with seawater measurements are both in 
analysis and interpretation. The measurement of oxygen in 
seawater was often complicated due to the loss of iodine and 
interterences within the chemical methods of analysis. For 
this reason, much of the early work was excluded. The multi
tude of components in seawater also precluded a treatment 
of the data via Setchenow's equation (which follows) for con
centration effects for' each ionic species: 

Y' S~ 
log -; = log _I = ks Cs • ,J. I) 

Yi ,Si 

Si and S ~ are the solubilities and Yi and Y~ are the activity 
coefficients of the gas in the salt solution and pure solvent, 
respectively. Cs is the electrolyte concentration and ks is the 
salt effect parameter. 

As a simplification, Weiss37 proposed the following 
equation: 

In C =AI + A 2/": +A3In(1') 

+A41" +S[B1 +B21' + B3r ] , (18) 

where solubility C is given by Eq. (10) and S is salinity in 
parts per thousand. The A terms in Eq. (18) resemble the 
normal Weiss Eq. (5), while the additional B terms fit the 
salinity dependence. In their analysis of oxygen solubility in 
seawater". Chen and Carpenter38 showed that Eq. (19) was 
superior to Eq. (18). 

In C = Al + A2/(T /K) + A31n(T /K) 

+A4(T/K}+S[B I +B2/(T/K)] +B~2.(19) 

The concentration term C can have the different units shown 
in Table 4, with the corresponding coefficients. 

The values generated from Eq. (19) with the coefficients 
in Table 4 (see Table 5) are valid only between 9 and 35 °C, 
below 400 ppt salinity and relatively low pressures. Solubi
lity studies with higher salinity (marine brines) by Kinsman 
et al.,39 are imprecise and unconfirmed and thus are not in
cluded in this summary. 

4.3. Oxygen in Aqueous Salt Solutions 

The "salting-in" or "salting-out" of a nonelectrolyte 
solute is a common phenomenon. One way of expressing the 
effect of a dissolved electrolyte on the solubility of oxygen in 
water is the Setschenow salt parameter ks • If the concentra
tion of the electrolyte is C2 (mol L -I) and the gas solubility is 
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expressed as the Bunsen coefficient aO in pure wat~r and a in 
the electrolyte solution, the salt effect parameter IS 

ksca = (1/c21 log(aO/a). f20} 

Other units of concentration and gas solubility will result in 
equivalent salt effect parameters. 

The Setschenow equation (20) is an approximation 
based upon a large solubility difference between the electro~ 
lyte and nonelectrolyte ~o]ntes. This is a eood approximation 
for oxygen dissolved in water. Plots oflog(aO / a) versus c2, are 
often linear over a modest range of electrolyte concentra
tions. However, at high concentrations of electrolyte, these 
plots can be.come higbly curved. 

Except for the high pressure studies by Bruhn, Gerlach, 
and Pawlek,40 the solubility of oxygen was determined at 
pressures near 101.325 kPa. Whenever possible, the individ~ 
ual author's value for aO is used instead of those suggested 
earlier in this work in the hope that the ratio (aO / a) might 
cancel out any systematic errors. 

Tbe electrolytes are discussed in the following groups: 
acids, bases, Group IA salts, Group IIA salts, and others. 
Due to the scatter observed in these data, and the frequent 
lack of any similar studies. the valll~ given in this section 
should be considered on1y as tentative. 

Table 7. Setschenow salt effe<:t parameters for 1.0 mol L- 1 

nitric acid at 283.15 - 333.15 K 

TIK k sc 
(L mol-') 

283.15 0.0440 

293.15 0.0255 

303.15 0.0175 

313.15 0.0115 

j~j. J~ 0.0090 

333.15 0.0050 

solubility of oxygen decreases with increasing temperature. 
At higher mole fractions, oxygen becomes more soluble with 
increasing temperature. 

4.3.b. Bases 

Strong bases such as Group IA hydroxides have a pro
nounced effect on the solubility of oxygen. Khomutov and 
Konnik43 examined all the ~lkali metal hydroxides and their 
results are summarized in Table 8. The two results for lith-
ium hydroxide reftect two different linear salting-out re-

4.3.a. Acids . be' rt'onately .. ... gions, the lower concentration one mg pro~ 1 44 
The aCIds consIdered are hydrochlonc, sulfunc, aJld lll_-_ ~-more-effective.-Recent ~ -work ~ by Broden and. SImonson ~~ __ 

trlc~lh:e values f6ttlie-SetscheJiow salt effect parameter for show a similar pattern for sodium hydroxide. A plot of 
the first two acids are shown in Table 6 and are from 10g(aO/a) versus c

2 
between 0.01 and 0.10 mol L -1 is linear 

Geffcken.
22 

The salt effect parameter appear~ to rl~rl".ase but with an anomalously high slope of 0.65 L mol-I. At 
with temperature and also ~th i~creasing sulfuric .acid con- higher concentrations of sodium hydroxide, Geffcken22 ~d 
centration. Ge1fcken, who Investtgated concentrations from Bruhn, Gerlach, and Pawlek,4O calculate slopes near 0.180 III 
0.2 to 2.6 mol L-l, noted only a slight decrease, but data agreementwithKhomutovandKonnik.43 Thevaluesofk

sca 
from Bohr

41 
show a more pronounced falloff' of ksca for con- computed by Yasunishi45 are somewhat lower. 

centrations ranging up to 18 mol L -1. Khomutov and Konnik's value for potassium hydrox-
The solubility of oxygen in 1:0 mol L -1 aqueous sulfu- ide is supported by the results of Geifcken,22 Shoor et al.46 

ric acid was measured over a WIde temperature range by and Knaster and Apel'baum, 47. with no evidence yet found 
Bruhn, Gerlach, and Pawlek. 40 Values for ksca remained for more than one slope. The value of ksca proposed by Mac-
nearly constantat-O.l0 L mol-

1 
for temperatures between Arthur48 is lower than all the others and can be rejected. 

323 and 523 K. Khomutov and Konnik's43 paper is the only puhlished re-
NiiricaddilSaca~euflSpecialinten:st. Valuesofksca for search for rubidium and cesium hydroxide salt effects. 

a 1.0 mol L -1 solution are shown in Table 7. The mos~;xten- As expected, a weak base such as ammonium hydroxide 
sive study was by Pogrebnaya, Usov, and Baranov who has a very small salt effect parameter, nearly constant at 
measured oxygen solubility from 283 to 333 K for concen~ 0.006 L mol- 1 despite varying concentration from 0 to 8 
trations of nitric acid from 0 to 12 mol L -]. For the lower mol L -1.40 

temperature and concentration· regions, nitric acid behaves 
like hydrochloric and sulfuric acid, salting out oxygen. ~ut 
at higher concentrations at the same temperature, a salting-
in effect is observed. At 323 K, the salting.;in phenomenon 
occursabove 10 mol L-t, and at 333 K, it occurs above 8 
mol L -1. At mole fractions of nitric acid below 0.16, the 

Acid ksax 

(1.0 mol L- 1) 288.15 K 298.1, K 

Hel 0.044 0.03' 

H2SO4 0.105 0.081 
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Table 8. 

Salt 

LiOil 

LiOO 

NaOll 

KOil 

RbOH 

esOH 

setschenow salt effect paramltters for various alkali 

metal hyllroxides at 298.15 K 

Concentration 

- 0.01 

0.12 - 1.2 

1.2 

0.8 

0.5 

0.5 

0.332 

0.091 

0.181 

0.176 

0.168 

0.158 
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4.3.c. Group IA Cations 

With the single exception of high concentrations oflith
ium fluoride, all alkali metal halides act to salt-out dissolved 
oxygen. As previously noted with lithium hydroxide, two 
distinct regions of linear salt effects exist for lithium halides 
except lithium iodide. The values for ksca and the related 
concentration ranges are shown in Table 9. Results from 
several investigations are shown for sodium and potassium 
chloride. The general trend for the alkali metal halides is 
toward a smaller salt effect parameter when increasing the 
size of either the cation or anion. 

Other common salts of the alkali metals are listed in 
Table 10. Lithium nitratesaHs-iii-6xygen at higher-concen
trations, and along with lithium perchlorate shows two lin
ear regions of salt effects. The multiply charged sulfate, 
phosphate. and carbonate anions have. a higher ionic 
strength and show larger salt effect parameters than do 
perchlorate and nitrate. A report of oxygen solubility in so
dium acetate solution of varying pH was made by Guseva et 
al.,:5O but without sufficient information to calculate ksca • 

The higher temperature and pressure study by Broden and 
Simonson44 shows two regions for sodium bicarbonate salt 
effect. At 323 K and prcssuresabout 1 MPa, ksca was equal 
to 0.3 L mol- I for concentrations up to 0.1 mol L -1, but 
ksca was equal to 0.14 L mol- 1 at higher concentrations. 
The Broden and Simonson44 values should be considered 
tentative. -_ .. _- _ ... __ ._--

Mixtures of electrolytes including Group IA cations 
have been studied to a very limited extent. Murray, Riley, 
and Wilson25 observed a salting-out effect for a mixture of 
sodium iodide and sodium hydroxide equivalent to 0.180 
L mol- I of total electrolyte concentration, which is the tena
tive value for sodium hydroxide itself. A similar result was 
observed for sodium sulfate and sulfuric acid by Kobe and 

Table 9. Values of ksc for alkali metal halides at.298.15 Ka,b 

F Cl Br I 

Li 0.725 0.112 0.252 

(O_.OI)c (0-.07)° (0_.07)° 0.163 

-0.385 0.070 0.084 

(0.04-.10)'" (.15_1.2)'" (.15_1.2)'" 

Na 0.284 0.145 0.131 0.120 

0.141[22) 

0.138[48] 

K 0.203 0.129 0.117 0.093 

0.128[48} 

0.094[49] 

Rb 0.146 0.120 0.104 0.086 

Cs 0.114 0.098 0.018 0.062 

• values from [43] unless otherwise noted. These values should be considered tentative. One puzzling 
point is that Khomutov and Konnick [43] report data for a LiF concentration ofO.l 0 M whereas the 
solubility is about 0.03 M. 

h units of ksca are L mol- I • 

,. concentration range in mol L - I where k",a observed. 

Table 10. Values of ksCCl for alkali metal salts at 298.15 Ka,b 

Cl0;; SO: 
4 NO; po;;3 CO: 

3 

0.218 0.196 

(0-.07)c (0- .07)c 

Li 0.244 0.254 
0.066 -0.040 

(.15_1.2)° (.15_1.2)c 

0.160 0.376 0.1211 0.652 0.356 

Na 0.398 [45) 0.338 [45) 

0.325 [48) 0.464 [411) 

O~ 150 0.291 0.105 

K 0.345 [22) 

0.345 [48] 

Rb 0.11>0 0.:190 0.096 

Cs 0.225 0.066 

a ...,.1u" .. 1' ....... [113] un1 .. "" nt.h",.....!" .. nnt. .. d: 

b units of·k ... are L mol-1• 

.... 

c SC.. 1 
conoentration range in mol L - where ksOOl observed. 

.. 0.50,.--- --0.379-

Kenton51 and for sodium sulfate, sodium dithionite, and so
dium hydroxide in solution by lhaveri and Sharma. 52 

4.3.d. Group IIA Cations 

Five salts of alkaline earth metals have been examined 
for their effect on the solubility of dissolved oxygen. They are 
magesium chloride, calcium chloride, barium chloride, mag
nesium sulfate, and calcium nitrate. At 298.15 K and con
centrations below about 2 mol L -1, Yasunishi45 found the 
ksca values to be 0.200, 0.273, 0.204, 0.194, and 0.270 
L mol-I, respectively. When results from concentrations 
ranging from 2 to 4 mol L - 1 were included in the data base, a 
better fit was achieved for magnesium chloride, magnesium 
sulfate, and calcium chloride using the equation: 

Specific values are given in Table 11. 

Table 11. Values for salt effect parameters in eq (21) t'or 

Group IIA metal saltsa 

MgC12 MgS04 CaC12 

kO 

sea 0.222 0.250 0.226 

k' sea 0.0566 .0.0583 0.0523 

~he MgC12 data are from [531 and the MgS04 and CaC12 are t'rom [451. 

(21) 
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4.3.e. Other Cations 

Bruhn, Gerlach, and Pawlek40 reported salt effect pa
rameters for various salts at elevated temperature and pres
sure. The results are summarized in Table 12. All the electro
lytes salt-out oxygen, with little effect of temperature. 

Morrison and 10hnstone54 have shown that tetraethyl 
ammonium bromide has a mild salting-in effect, with ksca 

equal to - 0.04 L mol-I. As expected, the highly charged 
electrolyte A12(S04h has a large salt effect parameter equal 
to 0.74' L mOll. 45 The same study repons that concentra
tions of aluminum chloride up to 1.7 mol L - 1 can be fitted 
byEq. (20) to. yield_ ksca of 0.274 L mol-l_~ But 4t~ll~d~g_ 
concentrations up to 2.2 mol L -1, Eq. (21) provides a better 
fit with k 0 sea = 0.303 and k' sea = .0.0859. Murray, Riley, 
and Wilson25 have shown that manganese chloride and man
ganese sulfate have salt effect parameters of 0.202 and 0.194 
L mol ~ 1, respectively. 

Colloidal solutions of hydrated iron oxide,55 uranyl flu
oride,33 and uranyl sulfate30

•
33 solutions have been used in 

oxygen solubility tests, but the salt effect parameters were 
not obtained. Mixed solutions of uranyl sulfate, sulfuric 
acid, and copper sulfate56 showed no obvious salting-out ef
fects, but this may be due to the low concentrations used in 
the study. 

Table 12. Values of ksca rClf selected sulfate salts at 298-423 K 

T/K (NH~)2SOIi CuS04 NiSOl\ CoSO II 

<:90 Q.ZI~ 0.11" 1J.113 U.ll' 

323 0.196 0.123 0.116 0.128 

373 0.203 0.106 0.112 0.105 

423 0.193 0.119 0.122 0.117 

4.4. Oxygen in Organic Solvents Plus Water 

The solubility of oxygen in mixtures of water with polar 
organic solvents (usually alcohols) has been determined by a 

~tOH 

0 

0.008 

O.OZI 

0.032 

0.063 

0.097 

0.120 

0.162 

0.229 

0.31 

0.493 

0.760 

0.992 

Table 13. Mole fraotion solubilities of oxygen in ethanol/lI8ter mixtures 
at 101.325 kPa partial pressure of oxygen 

lOll x, 
TlK 

273.15 277.15 283.15 285.15 293.15 298.15 303.15 313.15 323.15 333.15 

0.3806 0.3475 0.30116 0.2920 0.21192 0.2280 0.2106 0.IS50 0.1690 0.15811 

0.3949 0.3582 0.3115 0.2980 0.2528 0.2312 0.2139 0.1891 0.1738 0.1624 

0.11011 003692 0.326:> O • .:S1:n U.2t19t1 0.2'172 O.22S5 0.2005 0.1S33 0.17110 

0.4173 0.3812 0.3354 0.3216 0.2763 0.25112 0.2362 0.2099 0.1931 0.1806 

0.4130 0.3811 0.3399 0.3277 0.2868 0.2668 0.2508 0.2290 0.2186 0.2165 

0.3872 0.3637 0.3337 0.3250 0.2964 0.2828 0.2721 0.2574 0.21192 0.211111 

0.3725 0.3551 0.3337 0.3275 0.3071 0.2976 0.2906 0.2822 0.2799 0.2815 

0.3727 0.3680 0.3615 0.3596 0.3529 0.3501 0.3485 0.31196 0.3576 0.3740 

0.4712 0.49110 0.50611 0.5084 0.5035 0.11971 0.4910 0.5039 0.5236 0.5376 

0.8129 0.8049 0.8016 0.8023 0.8123 0.8219 0.8321 0.8Il72 0.8Il50 0.8116 

1.567 1.560 '.556 1.556 1.567 1.581 1.597 1.637 1.679 1.715 

3.1121 3.450 3.4811 3.492 3.521 3.533 3.544 3.558 3.574 3.599 

5.411l 5.475 5.538 5.555 5.593 5.604 5.606 5.600 5.598 5.630 
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number ofinvestigators. Tokunaga57 has determined oxygen 
solubilities in methanol/water, ethanol/water, 1 ~propanoll 
water, and 2-propanol/water mixtures over the whole com
position range and at 273.15,293.15, and 313.15 K. Cargill58 
determined oxygen solubilities in ethanol/water and t-bu
tanol/water mixtures over the whole composition range and 
in the temperature range of277.3 to 334.4 K. Cargill paid 
particular attention to solubilities at low concentrations of 
alcohols. We consider Cargill's data to be the most reliable 
for the ethanol/water mixtures and preseilt our calculated 
values of the solubilities in terms of the mole fraction at 
101.325 kPa partial pressure of oxygen in Table 13. The ex-
. tens1Ve~data-reporied by Tokunaga may be found in . Refs; 1 
Jr 57. 

4.5. Oxygen in Hydrocarbons 

4.5.a. Saturated Hydrocarbons 

Smoothed values of mole fraction solubility for n-pen
tane, n~hexane, n-heptane, n-octane, n-nonane, n-decane, 
and 2,2,4-trimethylpe.ntane are given in Table 14. Also 
shown are the coefficients Ao and A I of Eq. (5), the standard 
deviation (T, and the number of data points used. In the case 
of the normal hydrocarbo~~, the mole fraction solubilities 
are a very weak function of the temperature (AH ~ ~O). Al
though the coefficient Al ofEq. (5) is large for n-hexane, n
heptane, and n-nonane, these are considered to be artificial 

-hecause-O[ the-Ilarrow-temperatur-e-range.-studied-and-the
experimental uncertainty. The dependence of the mole frac
tion solubility on the solvent chain length is not clear. From 
n-undecane to n-octadecane, the Makranczy et at. values.59 
decrease as a function of hydrocarbon chain length, while 
the Blanc and Batiste values60 show the opposite trend. This 
is demonstrated in Fig. 1. In fact, a least square analysis of26 

Table 14. Mole fraction solubility of' O%)'gen in 8a\urated hydrocarbons 
at 101.325 lcPa partial pre88ure (10 Xl) . 

Til: n-Hexane n-Heptane n-Ootane 

243.15 

253.15 

263.15 

273.15 

283.15 21.28 

293.15 19.6 19.98 21.22 

296.15 20.5 20.55 21.20 

303.15 21.12 21.17 

313.15 22.211 21.12 

323·15 

Aa 
0 -3.5211 -4.535 -6.230 

A a 
1 -'1.9118 -1l.928 0.219 

10lhb 1.3 0.72 0.45 

#0 4 7 7 

n-Pentane at 298.15 K: 101lx, = 20.5 (59] 

a Coefficients in eq (5). 

b Standard deviation. 

c Numbers of data pOints used. 

d See text for references for eaoh solvent. 

2,2,4- D-Nonane n-Decane 
Trlllethyl-

pAnt.AnA 

30.2l1 

29.41 

28.66 

27.98 

27.37 21.91 

26.81 21.82 

26.54 21.10 21.78 

26.29 20.52 21.74 

25.82 21.67 

25.38 

-6.508 -7.852 -6.237 

1.720 5.01\1 0.322 

1.42 0.16 0.28 

10 3 4 
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2.4 

2.2 

2.0 

30 
5 6~6 

2~5 
Y4 

40-" 

303K~ 

n-ALKANES 
at 298K 

2 

FIGURE 1. Solubility of oxygen in the n-alkanes. The numbers in the figure 
refer to data taken from the following references: 1 (Ref. 59); 2 
(Ref. 60); 3 (Ref. 61); 4 (Ref. 62); 5 (Ref. 63); 6 (Ref. 64); and 7 (Ref. 
6:;). 

pairs of data for all of the normal hydrocarbons in Table 14 
giveAo = - 6.020, Al = - 0.442, and 10"0' = 0.87. 

In the case of2,2,4-trimethylpentane, the mole fraction 
solubilities are 20% to 30% higher than those for the normal 
hydrocarbons. In addition, both the Kobatake and Hilde
brand66 and Kretschmer et al. 67 results show a decrease in 
solubility as the temperature increases (klH ~ < 0). 

Following is a brief description of original data for each 
solvent. 

n-Hexane: smoothed values were obtained by usmg 
Naumenk06I and Makranczy et al.59 values both at 208.15 
K, and Guerry's values62 at 293.15 and 298~ 15 K. 

n-Heptane: The values of Guerry62 at 293.15 and 
298.15 K, Thomsen and Gjaldbaek63 at 298.15,298.25, and 
307.95 K, Ijams65 at 298.15 K, and Blanc and Batiste60 at 
303.15 K were used. 

n-Octane: Although the values of Wilcock et al.64 are 
preferred, smoothed values were obtained by using those of 
Thomsen and Gjaldbaek63 and Ijams,65 in addition to those 
of Wilcock et al. 

2,2,4-Trimethylpentane: The four values of Kobatake 
and Hildebrand66 over the temperature range of 282.87 to 
303.36 K give Ao = - 6.5102, Al = 1.8995, and 104

0' 

= 0.01. The four values of Kretschmer et al.67 over the tem
perature range of248.15 to 323.15 K (which are lower than 
those of Kobatake and Hildebrand by 8.7%) give Ao 
= - 6.6138,A 1 = 1.9369, and 104

0' = 0.53. The smoothed 
values were obtained by using the data from both of these 
papers along with those of Baldwin and Daniel68 and 
Ijams.65 

n-Nonane: The Thomsen and Gjaldbaek values63 at 
298.05 and 298.15 K and the Blanc and Batiste value60 at 
303.15 K·were used. 

n-Decane: The values of Wilcock et al.64 at 283.15, 
298.11, and 313.48 K giveAo = - 6.2238,A 1 = 0.3043, and 
104

0' = 0.04. Although these values are preferred. smoothed 
values were obtained by using them along with the Ijams' 
value at 298.15 K.65 

4.5.b. Cyclic Hydrocarbons 

Smoothed values of mole fraction solubility for a group 
of cyclic hydrocarbons are given in Table 15. Mole fraction 
solubility increases' in the order cyclohexene < cyc100ctane 
"'"-' cyc10hexane < methylcyc10hexane "'"-' cis-l ,2-dimethylcyc
lohexane < trans-l ,2-dimethylcyclohexane ""'" 1 ,3-dimethyl
cyc1~h~~~~~J~j~a~4_tra~~_~ixture)"'"-' 1,4-diIn~~hylcy~lohex
ane (cis· and trans mixture). Solubilities in these solvents are 
lower than those in n-alkanes and higher than those in ben
zene. 

The following is a summary of the original data and 
how they were processed. 

Cyclohexane: Wilhelm and Battino69 report eight 
points over the temperature range of 283.47 to 313.06 K, 
which give Ao = ~ 6.592, Al = - 0.280, and 104

0" = 0.10. 
Wild et al. 70 report 11 points over the temperature range of 
312.2 to 371.2 K, which giveAo = - 6.312,A I = - 1.278, 
and 104

0' = 0.12. Guerry62 reports two points at 293.15 and 

Table 15. Mole fraction solubility of oxygen in cyclic hydrocarbons at 101.325 kPa 

partial pressure of gas (10~xl) 

T/K hC:~a Cyclo- Methyl- ois-1,2- trans-1,2- 1,3- 1,4- Cyclo-
hexene cyclo- Dimethyl- Dimethyl- Dimethyl- Dimethyl- ootane 

hexane cyclo- oyolo- cyolo-b 
hO:Xo;:e-c hexane hexane hexane 

:'!8:l.15 12.~7 15.'19 10.!)8 

293.15 12.31 10.4 15.71 10.92 

298.15 12.34 10.4 15.82 15.43 17 .34 11.22 11.31 10.89 

303.15 12.36 . 15.92 15.40 17 .24 11.14 11.32 10.81 

313.15 12.39 16.12 15.34 11.05 16.98 11.24 10.81 

Aod -6.599 -6.869 -6.056 -6.596 -6.711 -6.651 -6.512 -6.913 

A d 
1 -0.296 0 -1.112 0.363 1.053 0.813 0.466 0.450 

104(1e 0.20 0.12 0.12 

(/ 20 2 3 2 2 2 2 3 

a Temperature range studied: 283-311 K. 

b Mixture of 59 mol J cis-l,3-Dimethylcyclohexane and 41 mol J trans-l, 3-Dimethylcylclohexane. 

c Mixture if 70 mol J cis-l,4-Dimethylcyclohexane and 30 mol J trans-l, 4-Dimethylcyclohexane. 

d Coefficients in eq (5). 

e Standard deviation. 

f Numbers of data points used. 
g See text for references for each solvent. 
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298.15 K. All of the data of these three groups except for 1 
point of Wild et al. at 293.2 K were used to obtain the 
smoothed values. 

Cyclohexene: Only Guerry62 reports values at 293.15 
and 298.15 K. 

Methylcyclohexane; cis-l ,2-Dimethylcyclohexane; 
trans-1,2-Dimethylcyclohexane; mixture of 59 mol % cis-
1,3-Dimethylcyc1ohexane and 41 mol % trans-l,3-Dimeth
ylcyclohexane; mixture of 70 mol % cis-1,4-DimethylcycIo
hexane and 30 mol % trans 1,4-DimethylcyeIohexane: Only 
the data of Geller et al. are available.71 

Cyclooctane: Only the data of Wilcock et al. are avail
able~72 

4.S.c. Aromatic Hydrocarbons 

The mole fraction solubility increases when an alkyl 
substituent is introduced on the benzene ring, i.e., from 
8.10X 10-4 for benzene to 15.69X 10-4 for (l-methylpro
pyl)benzene, both at 298.15 K. This is shown in Tables 16 
and 17. In benzene, the solubility increases as temperature 
rises, and this corresponds to .tJH; = 1.48 kJ mol- 1 at 
298.15 K. In methylbenzene and 1,4-dimethylbenzene, the 
temperature dependence of the solubility is not large com
pared to experimental uncertainty (.tJH; ~O). 

The following is a summary of how the data were han
dled. 

Benzene: Horiuti7~reported-six-va1ues-in-the-tempera· 
ture range of283.15 to 333.15 K. Schlapfer et al.74 reported 
seven values in the temperature range 283 to 343 K. Byrne et 
al.75 reported four values from 310.6 to 310.7 K. These are in 
satisfactory agreement and smoothed values were obtained 
by using six values ofHoriuti, seven values ofSchlapfer et al. 
and three values of Byrne et al. Both the Naumenko value76 

at 298.15 K (which is 8.3% higher than the smoothed value) 
and the Morgan and Pyne value77 at 298.15 K (which is 
6.4% lower) were omitted. 

Table 16. Hole fraction solubility of oxygen in aromatic hydrocarbons 

at 101.325 kPa partial pressure of gas (104x, ) 

TlK 

283.15 

293.15 

298.15 

303.15 

313.15 

323.15 

333.15 

343.15 

353.15 

A a 
0 

A a 
1 

A a 
2 

104ab 

fC 

a Coefficients in eq (5). 

b Standard deviation. 

Benzene 

7.88 

8.02 

8.10 

8.18 

8.37 

8.57 

A.An 

9.05 

-".WT' 
8.7417 

3.5302 

0.06 

16 

c Numbers of data points used. 

Hetbyl-
benzene 

9.17 

9.23 

9.28 

9.38 

-1l.0$~ 

-1.043 

0.20 

3 

d See text for references for each solvents. 
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1,4-
D1methyl-

benzene 

11.69 

11.67 

11.65 

11.63 

11-6, 

11.59 

11.57 

-0.11111 

0.196 

0.41 

7 

Table 17. Mole fraction solubility of oxygen 
in aromatic hydrocarbons at 298.15 K 

and 101.325 kPa par¢ial pressure of gas 
(10 x

1
)a 

1,2-Dimethylbenzene 

1,3-Dimethylbenzene 

Ethylbenzene 

Propyl benzene 

(l-methylethyl)benzene 

Butylbenzene 

(l-methylpropyl)benzene 

a [61]. 

11.18 

11.96 

12.20 

13.45 

13.88 

14-.29 

11i.4a 

15.69 

Methylbenzene (Toluene): Only the Field et al. data 78 
were used to obtain smoothed values. The Naumenko et al. 
value76 at 298.15 K is 16% higher than the smoothed value 
of Field et a!.' and was omitted. 

1,4-Dimethylbenzene (.p-Xylene): Six values of Fisher 
over the temperature range of 303.2 to 353.2 K79 and a value 
of Naumenko et al.76 at 298.15 K were used to obtain the 
smoothed values. 

Other-alk-ylbenzenes:-Only· N aumenko et ah values 76 at 
298.15 K are available and they are shown in Table 16. 

4.6. Oxygen in Organic Compounds Containing 
Oxygen 

4.6.8. Alcohols 

The smoothed values of the mole fraction solubilities 
are shown in Table 18. For I-propanol, I-pentanol, I-hex
anol, I-nonanol, l-undecanol, and I-dodecanol. only the 
Makranczy et al. values are available. so However, their val
ues are systematically low when compared with those ob
tained by other groups and were thus consequently omitted. 
The solubility increases as lunction of carbon numb~r {see 
Fig. 2}. The temp.erature dependence of the solubility is not 
very large but it decreases as the temperature rises yielding 
tJIi'1 values of - 2.1 kJ mol- 1 for 2-methyl-l-propanol to 
- 0.5 kJ mol- 1 for I-decanol. 

The following summarizes how the original data were 
handled. 

Methanol: Only values of Kretschmer et al. at 248.15, 
273.15, 298.15, and 323.15 K67 were used to obtain 
smoothed values. The Makranczy et al. value at 298.15 K 80 

(which is 8% lower than that of Kretschmer et al.) was ig
nored. 

Ethanol: At least eight groups have reported oxygen 
solubility in ethanol. The original data used to obtain the 
smoothed values are as follows: four values of Kretschmer et 
aI.67 over the temperature range of 248.15 to 323.15 K were 
weighted two times; eight vahles of Schlapfer et al. 74 273 to 
343 K; six values of Timofeev,32 273 to 290.2 K with the 
value at 296.55 K omitted; a value of Shchukarev and Tol
macheva82 at 277.15 K with the omission of three values at 
higher temperatures; and a value of NaumenkO<S1 at 298.15 
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Table 18. Mole fraction solubility of oxygen in alcohols at 101.325 kPa partial pressure (104x1) 

TIK Methanol Ethanol 2-Propanol 

253.15 4.51 6.29 

263.15 4.42 6.17 

273.15 4.33 6.06 8.13 

283.15 4.26 5.96 8.00 

293.5 4.19 5.87 7.88 

298.15 4.15 5.83 7.82 

303.15 4.12 5.79 7.77 

313.15 4.06 5.70 7.66 

323.15 4.01 5.64 7.57 

333.15 5.57 

343.15 5.51 

__ A; -8.2471 -7.8736 -7.5774 

A a 
1 1. 3742 1.2693 1.2639 

104crb .0.03 0.11 0.05 

,c II 24 3 

l-Heptanol at 298.15 K, 104xl = 10.8 [65J. 

Cyclohexanol at 299.15 K, 10\, :: 8.55 [81]. 

a Coefficients in eq (5). 

b O'bcndcrd devi a.hi em ... 

C Numbers of data points used. 

d See text for references for each solvents. 

K. Both Metschl's value83 and Makranczy et al.'s value80 at 
298.15 K were omitted; they are lower than the smoothed 
value by 12% and 25%, respectively. 

2-Propanol: Only the values of Kretschmer et al. at 
273]5, -298.15, and 323.15 k 3Tare available. 

I-Butanol: The smoothed solubility values are based on 
the Kreschmer et al. data.37 The Makranczy et al. value at 
298.15 K89 (which is 27% lower than Kreschmer et al.) was 
ignored. 

2-Methyl-I-propanol: Only Battino et al. data are avail
able, 274.09 to 327.96 K.84 

I-Heptanol: Solubility data are available only at 298.15 
K. The Ijams' value65 is preferred to that of Makranczy et 
al. 89 in view of the trends in solubility with alcohol carbon 
number. 

1-0ctanol: The values of Wilcock et al. at 283.35 and 
298.13 K,72 Ijams at 298.15 K,65 and Makranczy et al. at 
298.15 K89 are in satisfactory agreement. However, only the 
values of Wilcock et al. were used to obtain smoothed values. 

12 

8 
~ 

X 
"¢ 4 
0 
""" 

0 4 n 8 

FIGURE 2. Smoothed mole fraction solubilities of oxygen at 101.325 kPa 
partial pressure of gas in l-alkanols (circles) at 298.15 K. The 
square is for 2-propanol, the triangle for 2-methyl-l-propanol. 
and the cross is for cyclohexanol. 

l-Butanol l-propanol 1-0ctanol l-Decanol 

8.33 9.08 

8.17 8.79 11.6 12.53 

8.03 8.52 11.4 12.43 

7.96 8.40 11.3 12.39 

7.90 8.28 12.35 

7.78 8.05 12.35 

7.67 7.85 12.27 

-7.6234 - - -7.9459 -7.2361 -6.9018 

1.45511 2.5735 1.3485 0.6215 

0.05 0.06 0.14 

3 8 2 3 

I-Decanol: The smoothed values are based on the val
ues of Wilcock et al. at 282.74,298.10, and 313.56 K.72 The 
value of Makranczy et al. at 298.15 K89 is 22% lower than 
that of Wilcock et al. at the same temnerature and was reject-
ed.~ 

Cyc1ohexanol: Only Cauquil reports a value at 299.15 
K.8I . 

4.6.b. Ketones, Ethers, Acids, and Esters 

For 2-propanone (acetone), 1,I-oxybisethane (diethyl 
ether), and acetic acid, methyl ester (methyl acetate), solubi
lities have been measured over a wide range of temperature 
(194.8 to 318 K). Smoothed solubility values for these three 
solvents are shown in Table 19. The solubility shows a mini
mum as a function of temperature for each of the solvents. 
Smoothed values for other ketones are shown in Table 20. 
For ketones, the solubility increases as a function of the car
bon number, i.e., from 8.40X 10-4 for 2-propanone to 
11.74X 10'" for 2-hexanone at 298.1~ K. Mole fraction so
lubility in noncyclic ethers (104x 1 = 19 at 298.15 K for 1,1-
oxybisethane and 1,I-oxybispropane) is as high as those in 
normal alkanes. The solubility in cyclic ethers is about one
half of the values in normal alkanes. Some data for the solu
bility of oxygen in several ethers and an ester are given in 
Table 21. 

The following summarizes the data treatment. 
2-Propanone (acetone): Nine values of Horiuti, 194.85 

to 313.15 K 73
; three values of Kretschmer et al., 248.15 to 

298.15 K 67
; and 21 values of Bub and Hillebrand, 298.2 to 

318 K 85 are in satisfactory agreement. All of the data of the 
three groups except for seven points from Bub and Hille
brand, were used to obtain smoothed values. Metschl's value 
at 298.15 K 83 is 21 % lower than the smoothed value and was 
omitted. 

1,I-Oxybisethane (diethyl ether): Six values of Horiuti, 
195.05 to 293.15 K/3 a value of Schlapfer et al. at 293 K,74 

J.Phys. Chern. Ref. Data, Vol. 12, No.2, 1983 
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Table 19. The mole fraction solubility of oxygen in 

2-propanone(acetone); 1, l-oxybisethane(diethyl ether); 
and aoetic acid, methyl ester(lIIethy1 acet~e) at 101.325 kPa 

partial pressure of gas (10 xl) 

TIK 2-Propanone I, l-Oxybis- Acetic acid, 
(Acetone) ethane methyl ester 

(Diethy1 (Methyl acetate) 
ether) 

193.1, 6.116 Z,.9O 6.3Z6 

203.15 8.442 24.02 8.226 

213.15 8.250 22.61 8.175 

223.15 8.1211 21.55 8.166 

233.15 8.051 20.77 8.191 

243.15 8.021 20.19 8.244 

253.15 8.029 19.18 8.322 

263.15 8.068 19.52 8.421 
, 273;15- 8.1311 '19'.36- 8.539 

283.15 8.224 19.30 8.614 

293.15 8.336 19.33 8.824 

298.15 8.399 19.31 8.905 

303.15 8.466 8.988 
313.1S 8.6111 9.16S 

323.15 8.778 

A a 
0 

-12.1459 -13.2264 -10.8939 

A a 
1 6.4940 9.7090 4.6602 

A 8 
2 2.6414 3.11083 2.1119 

10\b 0.041 0.23 0.028 

, C 21 8 10 

a Coefficients in eq (5). 

Standard deviation. 

Number of data points used. 

See text for references for each solvent. 

and a value of Christoff at 273.15 K86 are in satisfactory 
agreement_ The smoothed values are based on these values. 

Acetic acid, methyl ester (methyl acetate): Nine values 
ofHoriuti 194.75 to 313.15 K,73 and a value ofSchlapfer et 
al. at 293 K74 are in satisfactory agreement and were used to 
obtain the smoothed values. 

2·Butanone, 2·Pentanone, 2·Hexanone: Only Bub and 
Hillebrand's data are available.85 All of the data were used to 
obtain smoothed values for each solvent. 

Cyclohexanone: Only Guerry's data are available. 62 

1,1-Oxybispropane (dipropyl ether); tetrahydrofuran; 
l,4-dioxane; tetrahydro-2H-pyran; acetic acid, ethyl ester 

Table 20. The mole fraction solubility of oxygen in four ketones 

at 101.325 kPa partial pressure of gas (104x, ) 

TIK 2-Butanone 

293.15 

298.15 10.11 

303.113 10.20 

313.1:; 10.36 

323.15 10.52 

333.15 10.67 

3113.15 

A a 
0 

-6.3872 

A a 
1 -1.5186 

104ab 
0.'3 ,0 20 

a Coeff1eients in eq (5). 

b Standard deviation. 

2-Pentanone 

11.12 

".16 

11.&3 

11.30 

11.37 

11.43 

-6.5908 

-0.6285 

0.13 

22 

" NUJIIOer or eat.a pOlnt8 usee. 

2-Hexanone 

11.74 

11.61 

11.:;3 

11.40 

11.28 

11.17 

-7.1302 

1.1419 

0.11 

22 

d See text for referenaes for each sol vents. 
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Cye1ohexanone 

6.38 

6.36 

2 

Table 21. The mole fraction solubility of oxygen in five oxygen containing 

solvents at 101.325 kPa partial pressure of gas (104x1 ) 

T/K 1 , l-Oxyb1s- Tetrahydro- 1, 4-Dioxane Tetrahydro- Aaetie aCid, 
propane furan 2H-pyran ethyl ester 

(Dipropyl (Ethyl acetate) 
ether) 

293.15 Itl.tI" tl.03" 5.20" ,6.1610 9.4'" 8.7010 

298.15 19.,a 8.16a 5.38a 
9.64a 

a Guerry [621. 

b Schlapfer, et al. {14]. 

. (ethyl acetate):-Onlyone-group reports solu15ility-Values for 
each solvent except for 1,4.dioxane where Guerry's value62 

is 16% lower than the value ofSchlapfer et al.74 at 293.15 K. 

4.7. Oxygen in Organic Compounds Containing 
Halogen 

Smoothed values of mole fraction solubilities are shown 
in Table 22 as a function of temperature. The enthalpy of 
solution is nearly zero for carbon tetrachloride, positive for 
chlorobenzene (,dH ~ = - 973 to - 489 ] mol- 1 at 298.15 
K), and negative for the perfiuorocompounds (including per· 
fluorotributylamine in Tabi~ 24: J.1H ~ = - 973 to - 2313 
J mol- 1 at 298.15 K). For, most of the solvents the solubility 
was measured only at 298.15 K. These data are shown in 
Table23~~ 

The following is a brief review of the original literature 
for the solvents listed in Table 21. 

Table 22. Mole fraction solubility ot oxygen in organic colllp~d8 
containing halogen at 101.325 kPa partial preslIure of gas (10 X,) 

11K Carbon- Cbloro- Hexafluoro- C8',60
8 

C<l200
b 

C10F2202C 

tetra- benzene benzene (Fe-SO) (Caroxin-F (Caroxin-D) 
chloride 

273.15 12.02 1.780 

283·15 12.01 1.815 24.13 

293.15 12.00 7.859 24.36 

"~G.15 I'::.UO 7.66'1 ZII.16 ,6.1 GG.& 6'1.7 

303.15 12.00 7.911 55.7 65.6 64.1 

313.15 12.01 7.910 54.8 64.11 62.9 

323.15 12.03 8.036 54.1 63.3 61.8 

333.15 12.05 8.108 

343.15 8.184 

353.15 8.266 

A d 
0 

-7.8804 -9.5100 -6.11518 -5.6610 -5.6141 -5.6434 

Ad , 1.6387 3.0621 1.2729 1.11255 1.7822 1.1995 

A d 
& 0.5541 1.2243 

1011" 0.02 0.02 0.04 0.1 0.2 0.2 

,f 7 9 4 5 5 5 

~eptafiuorotetrahydro(nonafiuorobUtYl)fu.ran or Pernuorobutylperfluorotetra
bydrofuran. 

b"l,l ,2,2,3,3,4,4,5,5,6,6-'trideeafiuoro-6-(l,2,2,2,-tetranuoro-1-(tritluoro
lIetb;yl)ethoxy ]-he:x:lme or Per nuoro-l-iSOProPoxy hexane. 

0 1,1,2,2,3 ,3.4,I/...()ctanuoro-l ,4-bia(1 ,2,2,2-tetranuoro-l-(trifluol'Olllethyl)
.tl>o"¥] butan<> or P ... t'1u<>ro-1.b-dii,."p"""f"\"Y hnbo",,,-

dCoeff1c1eats in eq (5). 

eStandard deviation. 

fllUlllbers Df data pDints used. 

gSee text tor referenoes for each sol vent. 



SOLUBILITY OF OXYGEN AND OZONE IN LIQUIDS 175 
Table 23. Mole fraction solubility of oxygen in organic compounds 

containiilg halogen at 29S.15 K and 101.325 kPa partial pressure of gas 

Solvent 10llx Solvent 10llxl 

Cl6Br2
a 30.3aa CaF18 

k 53.4aa 

C6HF 130b 37.4bb 
CgH7F 13 

1 49.4bb 

Fluorobenzene 15.0ScC 
CgH7F130m 50.9bb 

Bromobenzene 7.IIScC 
CgF 19C1n 51.1aa 

Iodobenzene 5.10cc C
9
F20 

0 53.5aa 

1-Cblorohexane 13.5dd 
C10H9F13 

P 53.0bb 

C7Hl130c 46.2bb 
C10H9F 13 

q 50.2bb 

1-Bromoheptane 13.2ee C10F1S 
I" 39.0aa 

~F15B~d_ _ ~7.,5aa ~11HF'2303s .68.3aa 

C
7

F15Cle 49.0aa 
C11H6F1S 

t 117.Sbb 

C7F111 
f 45.6aa C11F20 

u 40.6~a 

C
7

F16 
g 55.5ff C12F20 

v 112.0aa 

C6B4{CF
3
)t b3.1"" C14HF 2904" .".g"" 

CSB5F130i 51.4bb 
C17BF 3505 x 85.3aa 

C8F17Br
j 

56.6aa 
C2gHF5g09y 11Saa 

a l ,2-Dibromo-1, 1 ,2,3,3 ,3-hexafluoroprepane. 

b1, 1,1 ,3,3,4,II,5,5,5-Decafluoro-2-(trifluoromethyl)-2-pentanol. 

e1, 1, 1,2,2,3,3,5,5,5-Deoafluoro-4-methoxy-4-(trifluoromethyl) pentane. 

..tl-Bromo-l, 1 ,2,2,3,3,11,11 ,5, 6, 6, 6-dodecafluoro-5-(trifluoromethyl )_ 
hexane. 

e l -Cbloro-l, 1 ,2,2,3,3,11,11 ,5,6 ,6,6-dodecafluoro-5-(trifluoromethyl) 
hexane. 

f Undeoafluoro (trifluoromethyl )cyclohexane or perfluoromethylcyclo-
hexanA 

~exadecanuoroneptane ·or·perfiuoroheptane. 

~1s (trifluorOll1ethyl )benzene. 

i2-Ethoxy-l, 1,1,3,3,11,11,5,5 ,5-decafluoro-2-(trifluoromethyl)pentane. 

jl-Bromo-1, 1 ,2,2,3,3,11,11,5,5,6,6,7,7 ,a,a,8-heptadecafluorooctane 
or perfluorooctylbrom1de. 

koctade~fluorcioctane or perfluorooctane. 

11,1, l,2,2,3,3-Heptafluoro-lI,4-bis(trifluoromethyl )heptane. 

1111,1,1,2,2,3,3,5 ,5,5-Decafluoro-4-propoxy-II-(trifluoromethyl)pentane. 

nl-Cbloro-1, 1 ,2,2,3,3,4,11,5,5,6,6,7 ,S, 8,8-hexadecafluoro-7-(trifluoro-
methyl )octane. 

°Eicosafluorononane or perfluorononane. 

Pl,l,1,2,2,3,3-Heptafluoro-4,4-bis(trifluoromethyl)octane. 

q 1, 1, 1 ,2,2,3, 3-Heptafluoro-6-methyl-4, 4-bis (trifluorometbyl )-heptane. 

"uotaaecal"iuoroaecanyaronapnt.nalene or pernuoroaeoalln. 

8 1,1, 1 ,2,3,3-Hexafluoro-2-(heptafluoropropoxy)-3-[l,2,2-trifluoro-2-
(1,2 ,2,2-tetrafluoroethoxy )-l-(trifluorOlllethyl )-ethoxy ] propane • 

t 1,l,1, 7,7, 7-Bexafluoro-2,2,6,6-tetrakis(trifluorometbyl)-heptane. 

~eptadecafluorodecahYdrO (trifluoromethyl )naphthalene or perfluoromethyl

decalin. 

vTricycle[3.3.1.13, 7 ]decane, tetradeeafluorobis(trifluol"lllethyl )-. 

w3.6.9.12-TetraoXllDentadecane. 1.1.1.2.4.4.5.7.7.8.10.10. 11. n.l~. 
14,14,15,15, 15-eicosafluoro-5,8,l 1-tris(trifluoromethyl)-. 

x3,6,9,12,15-Pentaoxaoctadecane, 1,1,1,2,4,4,5,7,7,8,10,10,11,13,13. 
14,16,16,17,17 ,lS,18,l8-tricosafluoro-5,S,11 , 1 lI-tetraki8(trifluoromethyl)-. 

Y3,6,9, 12,15 ,21,24,27-Nonaoxatriacontane, 1,1,1,2,11,11,5,7,7,8,10,10, 
11,13,13,111,16,16,17, 19, 19,20,22,22,23,25,25,26,2S,28,29 ,29,30,30,30-
pentacontafluoro-5,8;11, 14, 17 ,20,23,26-octakis(tr1fluorOll1ethyl)-. 

Carbon tetrachloride: Horiutf3 reports seven values 
over the temperature range of 273.15 to 333.15 K. The 
smoothed values were obtained from these values. Both val
ues of Metschl83 and Naumenk061 at 298.15 K are lower 
than that of Horiuti by 19% and 17%, respectively. 

Chlorobenzene: Nine values of Horiutf3 over the tem
perature range of273.15 to 353.15 K were used to obtain the 

smoothed values. The N aumenko et al. 76 point at 298.15 K is 
14% higher than Horiuti's value at the same temperature; 

Hexafluorobenzene: The smoothed values were ob
tained by using four values of Evans and Battin087 in the 
temperature range between 282.92 and 297.81 K. The value 
of Wesseler et al. 88 at 298.15 K is 4.1 % lower than that of 
Evans and Battino. 

Perfiuorobutylperfiuorotetrahydrofuran; perfiuoro-l
isopropoxy hexane; and perfiuoro-l,4-diisopropoxy butane: 
Only the values of Tham et al. are available. 89 

4.8~-Oxygen inOrganic-Compolinds--Containing 
Sulfur, Nitrogen, or Silicon 

In most of the solvents, the solubility was reported only 
at 298.15 K. In pyrrolidine, pyridine, and piperidine, solubi

lities have been reported also at 293.15 K, but these differ by 
no more than 1.2% from the respective values at 298.15 K. 
Only for perfiuorotributylamine and octamethylcyclotetra
siloxane are solubilities available _ for a wider temperature 
range. Smoothed values are given in Table 24. In dimethyl
suftoxide, two other groups report solubility values: Those of 
Baird ~d Foley92 ~e 31 % lower than that of Dymond93

; 

Chaenko et al.94 determined the solubility by using an elec
trochemical sensor and their value is 5.9 times higher than 
Dymond's value93 when converted to 1 atm of oxvQ"en narthll 

Table 24. Mole fraction solubility of oxysen in organic cOllpounds 
containing sulfur, nitrogen, or silicon at 29S.15 K at 101.325 kPa partial 

pressure of gas 

Solvent 

Carbon disulfide 

Sulfinylbismethane (Dimethylsulfoxide) 

N-Methyl-N-ni troso-methanamine 

Pyrrolid1ne 

Pyridine 

Piperidine 

Benzeneamine (Aniline) 

N-Het.hylbenzeneam1ne 

2-Hethylbenzeneam1ne 

3-Hethylbenzeneam1ne 

N ,N-Dimethylbenzeneamine 

N-Ethylbenzeneam1ne 

N ,N-Diethylbenzeneamine 

Perfluorotributylam1ne (1, l,2,2.3,3,4.1I,4-Nonafluoro

N ,N-bis(nonafluorobutyl )-I-butanamine) 

Octamethylcyclotetrasiloxane 

4.%e 

2.26e 

2.91e 

3.1Se 

3.95e 

7.1Se 

7.66e 

9.62e 

56.64 (273.15 ICl 
54.65 (293.15 K)f 

52.85 (293.15 K)t 

52.02f 

51.22 (303.15 K)f 

113.16 (293.15 K)S 

112.71g 

112.28 (303.15 lC)g 

111.48 (313.15 K)g 

8wilcock, R.J., McHale, J.L., Battino, R., and Wilhelm, E., Fluid Phase Equil. 

,g, 225 (197S). 
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pressure. For perfluorotributylamirie, Wesseler et al.88 and 
Zander95 report solubility values, but only the Kobatakeand 
Hildebrand values66 were used to obtain the smoothed val
ues. For nitromethane and I-propyl nitrate, solubilities were 
reported by Chaenko et al.94 and Amster and Levy,96 but 
these are not included in Table 24. 

4.9. Oxygen in Biological Fluids 

Because of its biological importance the solubility of 
oxygen has been determined in many biological fluids. Some 
of these measurements are of reasonable precision, but a 
,greatmany are of poor precision. Also,it is difficult to exact
ly characterize many of the biological fluids used. In terms of 
examining trends and having a rough knowledge of solubi
lity, the data are reasonable. However, we will only report on 
two fluids here-solubilities in olive oil and in human blood. 
For the other fluids (including animal and vegetable oils, 
lipids and lipid solutions, aqueous protein solutions, serum 
plasma, tissue, alcoholic solutions, sugar solutions, and 
wines, among others) we, refer you to Ref. 1. 

4.908. Solubility In Olive Oil 

The solubility of oxygen in olive oil has been deter
mined by four groups,97,29,98,99 but by far the most precise 
work was that done by Battino and co-workers.99 Table 25 
gives the smoothed mole fractions and Ostwald coefficients 

-obtained from -the following equation:' 
- [R /(J mol- 1 K-1)](T /K)lnxI 

= 1240.9 + 39.809(T /K). (22) 

The density of olive oil is given by p/(g cm-3) = 0.9152-
0.000 468 (t iC) and its molecular weight is 884 ± 45 
g mol-I. The standard deviation of the solubility is about 
0.5%. 

Table 25. Smoothed values of the solubility of oxygen in olive 011 
at 101.325 \cPa partial pressure of gas 

T/K Mole fraction O,.t"",ltl "" .. rf'. 

103X1 

298.15 5.05 0.1269 

'lOB. 1'> '>.n 0.13:>6 

318.15 5.21 0.1363 

328.15 5.29 0.1441 

4.9.b. Solubility in Human Blood 

The solubility of oxygen was determined in human 
blood of approximately 15.5 g/lOOmlofhemoglobin by four 
groups.28,lOO,101.102 There was substantial agreement and in 
the range 273 to 310 K their data can be represented by the 
following equation to about 4% for one standard deviation 
in the Bunsen coefficient: 

Ina = 1.9685-0.018 638(T IK). (23) 

At 310.15 K the smoothed value of the Bunsen coefficient is 
0.0221. 
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4.10. Oxygen Solubility in Miscellaneous Fluids 

See Ref. 1 for the solubility of oxygen in a variety of 
miscellaneous fluids. These data are not included here for 
the fluids are special, poorly characterized, or would need 
excessive space to fully characterize by physical properties. 
Included in the above-cited reference are solubilities in HF 
S02' N 20 4, N2 + CO2, mineral oil, oils, hydrocarbon fuels: 
petroleum, liquid paraffin, surfactants; and above 0.2 MPa 
solubilities in C12, N20, and CO2, 

5. Ozone Solubilities 
Except for the solubility of ozone in water, there are 

very few measurements of ozone solubilities. In this section 
we will only deal with the solubility of ozone in water. For 
solubilities of ozone in halogenated solvents, CCl4 saturated 
with water and various concentrations of nitric acid, various 
concentrations of sulfuric acid, and a group of miscellaneous 
solvents (acetic acid. acetic anhydride. trifluoroacetic acid. 
methyl acetate, propionic acid, acetic acid/water mixtures, 
acetic acid + propionic acid, and (C14 + CHCl2CHCl2 mix
tures) see Battino.1 ' 

5.1. Ozone in Water 

The determination of ozone solubilities in pure water is 
complicated because ozone decomposes irreversibly in wa
tel.l'-he-relevant-presentation'·is--

1 2 3 

203(g)+±203( aq)+±302(aq)+±302(g)· (24) 

The relevant gas solubility is step 1, step 2 is irreversible, and 
step 3 mayor may not attain equilibrium conditions. Unless 
extreme care is taken the solubility via step 1 may not be 
what is actually determined. 

An analysis and solution of the problem is provided by 
Roth and his co_workers.l.103.104 Their approach involved 
determining ozone concentrations in the gas phase in equi
librium with the ozone-saturated liquid (water) phase and 
doing this as a function of time so that the decomposition 
rate could also be determined. Since ozone solubility de
pends on the pH. of the aqueous solution, solubilities were 
determined in buffered water, the pH being adjusted by 

Table 20. Henry's. Law constants for ozone solubilities in water 
at integer pH values and 276.15,298.15 and 318.15 K using eq (25). 

10-~ 

pH 276.15 K 29B.15 K 318.15 K 

1 2.18 3.92 6.03 

2 2.36 4.24 7.0B 

3 2.56 4.60 1.68 

II 2.18 4.99 8.32 

5 3.01 5.41 9.02 

6 3.26 5.86 9.78 

7 3·54 6.35 10.60 

8 3.83 6.88 11.49 

9 4.15 7.116 12.115 

10 4.50 8.09 13·50 
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H2S04 or NaOH. In the temperature range 276.5 to 333.2 K 
(measurements also at 293.2 and 313.2 K) they found the 
following equation to best represent their data: 

KH = 3.842X 107 [OH- ]O.035exp [ - 2428/(T /K)]. 
(25) 

K H is the Henry's law constant [see Eq. (14)], and [OH-] is 
the hydroxide concentration in mol L - I. The index of deter
mination was 0.84 with a standard error at estimate of 0.20. 
Table 26 gives smoothed values obtained from Eq. (25) at 
three temperatures and at integral values of pH from 1 to 10. 
These values are considered to be the best currently avail
able, but-are-necessarily-of-poor-precision.-

For a detailed discussion of other results of ozone solu
bility in water see Refs. 1, 103, and 104. 
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