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Abstract 
The exponential  dilution method has been 

tested as a rapid  means for estimation of the 
solubility coefficient of oxygen in liquids. The 
relative s tandard  deviation of the method was 
5.7%. The method is not influenced by the pres- 
ence of peroxides, which interfere with chemical 
oxygen determinations by ferrous-ferr ic  ion ti- 
tration. Values ranging f rom 0.07 to 0.17 were 
obtained for  the coefficient of solubility of oxygen 
in raw and refined sunflower and soybean oils of 
different state of oxidation at room temperature.  

Introduction 

C HEMICAL IV[ETHODS for  determination of the solu- 
bility of oxygen (1) have the advantage of being 

more rapid  than  physical methods (2,3), where the 
manometric measurements involved are time-consum- 
ing. Oxygen measurement  with commercial amper-  
ometric inst ruments  is a rapid  procedure,  but  un- 
for tunate ly  tables current ly  available contain very  
little data on the solubility coefficients of oxygen in 
oils. As these coefficients are required for the calcu- 
lation of oxygen content, exponential  dilution was 
tested as a method for  their  determination. 

Theory 
The solute concentration C, af ter  the addit ion of 

solvent of volume v, with adequate st irring, to a so- 
lution whose total  volume V is kept  constant, is re- 
lated to the original concentration Co by the follow- 
ing equation (4) : 

C = Co • e -~/v [1] 

I f  the vessel contains both a gas phase and a l iquid 
phase, it can be shown tha t  the concentration of a 
Volatile solute in the vase phase is given by  

C~ = Cgo • e-V/(Vg +kVl) [2] 

When gas is passed through the vessel, provided tha t  
the distribution coefficient (k) of the solute is con- 
s tant  in the range of concentrations in question (5). 
Vg and V,  represent  the gas and liquid volumes. 
F r o m  equation (2),  k can be calculated if  the concen- 
t ra t ion in the gas phase is measured before and a f t e r  
a volume v of gas has been passed: 

k = v/2.3 (logCgl - logCg2) • V1 - Vg/V1 [3] 

I t  is also possible to calculate the total amount  (W)  
of solute f rom two readings of the concentrat ion:  

W = ~ Cgdv = C~o (Vg + kV1) = Cgo • 
o 

vl/2.3 • (logC~o - logCgl) [4] 

The general expression for  W is 

W = C1 (v2 - Vl )  ( O l  
"1n(C1/C2) - ~ - )  exp ( v l J ( v 2 - v l ) )  [5] 
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6 
]?Ia. 1. Experimental  set-up for determination of t he  dis- 

t r ibution coefficient of oxygen by exponential dilution. 1) 
Inert-gas bottle with pressure reduction valve. 2) Gas flow 
regulator. 3) Three-way stopcock. 4) Soap-bubble flow meter. 
5) Sample vessel. 6) Magnetic stirrer. 7) Gas buret. 8-10) 
Silvergold oxygen electrode with adapter  and expanded-scale 
pig-meter (Becknlan). 11) Recorder. The tubing between 3 
and 5 should be short and narrow. 
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when the concentrations in the eluting phase C1 and 
C2 correspond to the volumes Vl and re. 
The relation between k and the Bunsen coefficient 
(a) is here given by  

k = ~ .  T/273 [6] 

Experimental 
Water  was used as a reference solvent, for which 

the solubility of oxygen is thoroughly tabulated (6,7). 
The following oils were used a) refined sunflower 
seed oil, b) raw sunflower seed oil, e) refined soybean 
oil, d) the same, but  oxidized by standing in daylight  
in contact with air at  room temperature ,  e) raw soy- 
bean oil. Between determinations the samples were 
flushed with inert  gas, and kept  in full  vessels in the 
dark  at about 3C. 

The experimental  a r rangement  is depicted in Fig. 
1, and in Fig. 2 the sample vessel used. The volume 
of the vessel up to the end of the electrode was mea- 
sured, omitt ing the volume of the gas inlet tube. The 
vessel was filled to about 90% of its volume with 
liquid. Hel ium was used as the dilution gas, at a 
flow rate of 4-7 ml /min .  The determinations were 
made at  room tempera ture  (22-23C).  The gas vol- 
umes which had flowed through and the readings of 
the oxygen electrode were corrected for  the pressure 
in the gas buret. Time required for determination is 
5-10 rain (Fig. 3). 

Deviations f rom l ineari ty of the log C vs. v plot 
were observed when large volumes of dilution gas 
were passed through. Bet ter  l ineari ty was achieved 
with helium instead of heavier gases, like argon. The 
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FIG. 2. Sample vessel. Materials:  polymethae~Tlate, boro- 
silicate glass, araldlte. A)  Cable. B) Rubber tubing. C) 
PTFE-eovered iron rod. Dimensions are given in millimeters. 
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F r o .  3. D e t e r m i n a t i o n  o f  O~ s o l u b i l i t y  i n  r a w  s u n f l o w e r  oil 
b y  e x p o n e n t i a l  d i l u t i o n .  P a r a m e t e r s :  V~ =- 68.9 ml ,  Vs  = 8.77 
mI ,  t ' =  22C, d i l u t i o n  g a s  H e ,  5 m l / m i n  k = 0.152. 

shape of the vessels and the relative size of the re- 
sidual gas volume in them also influenced the linear- 
ity. I t  was concluded tha t  the deviations were caused 
by insufficiently rapid  diffusion in the gas phase, 
ra ther  than by nonlineari ty  of the distr ibution 
isotherm. 

By differentiation of equation 3 with regard to Vg 
it is evident that,  especially i£ k is small ( < 1 ) ,  the 
relative error  of k caused by errors in volume mea- 
surement  becomes smaller when V1 is increased with 
regard to the total  volume of the vessel. 

Chemical oxygen determinations were made by 
iodometric t i t ra t ion of ferric ion formed from a mix- 
ture of manganous and ferrous salts (1). 

Peroxide-numbers were determined according to 
the AOCS Official Method Cd 8-53(8). 

Results 
By exponential  dilution an average value of 0.031 

was obtained for  the distribution coefficient of oxy- 
gen between water  and argon. The value calculated 
f rom l i terature values (7) is 0.0316. The estimated 
relative s tandard  deviation (RSD)  was 5.7%. The 
RSD estimated f rom the determinations on oil was 3%. 
The RSD for  the chemical oxygen determinations 
was 7%. 

The distribution coefficients obtained by exponen- 
tial dilution, the oxygen contents calculated f rom 
these (when the oil was equilibrated with a i r ) ,  the 
results of the chemical oxygen determinations, and 
the peroxide values for oils oxidized to different de- 
grees are presented in Table I. As is seen f rom the 
table, physical and chemical oxygen assays agree well 
if the peroxide value of the oil is low, whereas, with 

T A B L E  I 

Limits of Confidence at the 90% Level 

Oil 

Peroxide value 
m E / k g  Chemical 

~easure -  O~-deter- 
Direct ment on mination 

oil pre- O~ml NTP measure~ viously 
ment on subjected 
the oil 100 ml to chemical 

O~-assay 

Exponential 
dilution method 

02ml NTP 
k 

100 ml 

A 0.3 ± 0.1 0.39 ~ 0.1 1.8 ± 0.5 0.100 1.9 + 0.3 
B 61.3 ± 4 6.4 ± 0.1 14.7 ~ 4.5 0.151 2.9 + 0.1 
C 61.3 ~ 4 3.2 "+" 0.6 14.1 "+" 4 

(should be 0) 
D 86.9 ~ 5 22.7 ± 6 
E <~0.1 2.1 "-~ 0.7 0.070 1.3 ± 0.1 
F 4.7 ~ 0.6 2 . 0 ± 0 . 6  
G 8.1 ~ 0.7 0.8 ± 0.1 3.3 ± 0.9 
H 0.173 3.2 + 0.2 

A, sunflower oil refined; B,  sunflower oiI r aw;  C, same as B, but 
dissolved 03 removed with inert, gas  before determinations; D, Sun- 
flower oil, raw, second sample; E, soybean oil refined; F, same as E, 
hut oxidized; G, same as F, but fur ther  oxidized; H,  soybean oil, raw. 

rising peroxide content in the oil, considerable dif- 
ferences are observed. The peroxide value of an oil 
sample which has been used for  chemical oxygen as- 
say is much lower than tha t  obtained direct ly on the 
oil. Thus it seems evident tha t  the chemical oxygen as- 
say has measured not only the oxygen dissolved in 
oil, but also a large pa r t  of the hydroperoxides pres- 
ent.: '!An a t tempt  to correlate quanti tat ively the re- 
agent consumption in the chemical oxygen assay with 
the sum of peroxide and dissolved oxygen content 
did not give accurate results, due possibly to differ- 
ences in the course of oxidation of peroxides in the 
peroxide determination and the chemical oxygen as- 
say, respectively. 

I t  may  be noted that  the solubility of oxygen is 
higher in raw than in refined sunflower oil. A similar 
difference is observed with soybean oil. We do not 
yet know the cause of this. 
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