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Abstract. The measurement of oxygen y gaseous mixtures has many
applications, and then a variety of sensors have been developed.
Also, many books for children say wrongly, that they “measure” the
oxygen in the air with a lit candle. We use the slow oxidation of iron,
to absorb the oxygen in the air, and use the change in gas volume to
measure its concentration, avoiding problems related to the combus-
tion products and the heat released in the reaction.
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Resumen. La medida del oxigeno en mezclas gaseosas tiene muchas
aplicaciones y se han desarrollado una gran variedad de sensores.
Muchos libros para nifios dicen equivocadamente, que lo miden con
una vela encendida. Nosotros usamos la oxidacion lenta del hierro
para absorber el oxigeno del aire, usando el cambio en volumen para
medir su concentracion, evitando los problemas asociados a los pro-
ductos de combustion y al calor liberado en la combustion.
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Introduction

The measurement of oxygen in gaseous mixtures has many
applications, especially in biology, to follow the oxygen con-
sumption in living organisms. Then a variety of sensors have
been developed: electrochemical sensors for the analysis of
blood-gases, gases and vapors in clinical medicine [1], mass
spectrometer for measuring fractional concentrations of oxy-
gen and carbon dioxide [2], measurements with flow-through
indirect calonmetry.[3], nondispersive absorption [4], etc.

Those sensors have been used as metabolic monitors [5], in
patients under general anesthesia [6], walking oxygen consump-
tion rate [7], during exercise [8, 9], to test the hypothesis of the
temperature-dependence of the kinetics of O, consumption as
muscle temperature decreases.[10], oxygen consumption in
emperor penguins [11], and the oxygen consumption and “suf-
focated point” of adults Penaeus japonicus (a shrimp) [12].
Neurotic patients were differed from healthy individuals by
lower both absolute and relative maximal oxygen consumption
(MOC) values as well as by lower indexes of lungs ventilations,
CO, elimination, respiration frequencies and breath depth. It
was supposed that MOC as well energy potentials decrease may
be of significant importance in neurotic disturbances develop-
ment [13]. Also, to predict the rate of O, consumption in a
sealed nuclear fuel waste disposal vault as a result of container
corrosion, reaction with biotite and the oxidation of organics
and other oxidizable impurities in the clay [14].

Many books for children “measure” the oxygen in the air
trapping some air with a lit candle over water. They think that
the fast reaction of O, with the paraffin (combustion) make 1t
disappears, but neglect the gases produced i the combustion,
and forget about the thermal effects of burning [15]. The heat
from the candle expand the trapped gases, and the contraction
on cooling at room temperature, could produce the 20 %
reduction in gas volume interpreted as the “oxygen consump-
tion”. Other author [16] uses the question “How long can we
breathe?” to introduce his students to the art of measuring,
without measuring the level of oxygen in the air that produces
the sensation of “suffocating”.

In this paper we propose the slow oxidation of iron, to
absorb the oxygen in the air to a solid form, and use the
change in gas volume to measure its concentration. This pro-
cedure avoids the problems related to the combustion products
and the heat released in the reaction. Also, we use the same
procedure to measure the change in oxygen n breathed air,
and how many times we can re-breath it, answering the prob-
lem proposed in the last reference.

The proposed reaction is:
4Fed + 30, —— 2Fe,0; (ferric oxide, yellow, solid)

Other reactions can be used to absorb other gases in mix-
tures. The reaction rate should be proportional to the oxygen
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concentration and the reactive surface. If the reactive surface
and temperature are constants, the oxygen concentration dis-
appears exponentially with a time constant t© depending on
reactive area and temperature.

Experimental

We use thin iron fiber, of the kind used to wash dishes, to lead
the reaction in practical times. Because one is thinner than the
other, we use thin and thick on the graphs. The fiber was
washed with soap to degrease it and put about 1.25 grams of
each expanded fiber in the bottom of 100 mL measuring
cylinders. Filled with water, the cylinders were inverted on a
water tank, trapping about 95 mL of air. A third measuring
cylinder, only with air, was used as a reference for the change
in volume associated to changes in room temperature. The
data of temperature measurement with a thermistor were not
used, because its correlation with the change in volume was
poor. The change in volume was measured as a function of
time as shown in Fig. 1. The amount of oxygen exhaled in
each inhalation and the concentration when the first symptoms
of suffocation occurs, were measured using the same proce-
dure. The cylinders were filled with air breathed from 1 to S
times. Using a plastic hose, an empty plastic bag was filled
with expired air, inspiring and expiring the same air, were
obtained samples for 1 to S respirations. After 5 times a feel-
ing of suffocation occurs.

Results and Discussion

Figure 1 shows the measurement for each fiber, and adjusted
exponential curves with time constants of 10 and 21 hours for
the thin and thick fibers. This is a nice example of an expo-
nential reaction and that the reaction rate depends on the reac-
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lig 1. Percentual volume change as the oxygen reacts with the iron
ibers, faster for the thin fiber with the larger area. The line is the
djusted exponential.
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Fig. 2. Oxygen absorption for air breathed 3 and 5 times.

tive area; the thinner fiber should have about twice the area.
Measuring at very short times, we may see the changes due to
the draining and evaporation of the water trapped by capillari-
ty on the iron fiber.

After 5 times of re-breathing the same air a feeling of suf-
focation occurs. Fig 2 shows the absorption curve for air
breathed 3 and 5 times, following the expected exponential
trend but with an order of magnitude lower time constants.
That means that the presence of carbon dioxide increases the
reaction rate.

Fig. 3 shows the final oxygen concentration after 0 to 5
breathing procedures, for a single subject in a sedentary posi-
tion, as measured using a thin or a thick iron fiber. The depar-
ture from a linear relationship could be attributed to lack of
control on the rate of breathing, or the amount of time the air
stay inside the lungs. But a reduction of 25% in the oxygen in
the air, produces a sensation of suffocation giving a practical
limit for the calculation of how long we can breath inside a
closed room.
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Fig. 3. Per cent oxygen volume in the expired air after re-breathing
the same air.
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Table 1. Time constants for the absorption of oxygen on the thin and
thick iron fibers.

Breaths 7 Thin 1 Thick Temp Mass Thin Mass Thick
number  Hours hours  Degrees C gr gr
0 9.8 22 20 125 1.28
5 1.7 37 20
1 1.1 35 22
2 1.4 26 20
3 1.7 43 20
5 1 1.1 21 2,62 2.81
4 0.73 1 22
0 14 24 20 )
3

0.81 1.5 23

Another interesting result comes from the measurement
of the ime constants for the many trials. Table 1 shows the
adjusted time constants in the order of the measurement. The
initial measurements were made using the same iron fiber.
Because of the oxidation reaction the fiber slowly disappears,
the effective area decreases and the time constant increases.
When the amount of iron fibber was changed to about twice,
the next measurements shows the expected reduction in time
conslant associated to the duplication of the effective area,
proportional to the iron mass.

Conclusions

1. Using the oxidation of iron in air we can measure the amou-
nt of oxygen present in the mixture.

2. It provides a nice example of an exponential reaction.

3. The ume constant 1s affected by the previous treatment of
the iron fibers.

4. A reduction of 25% in the oxygen concentration in the air
produces the sensation of suffocation.

5. The time constant for the oxidation reaction are very differ-
ent for dry fiber, wet fiber or in the presence of carbon
dioxide.
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