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The Oxygen Content of Air 

1. Introduction 

 Oxygen makes up 50% of the Earth’s crust and ocean by weight, and 20.6% of Earth’s air 

by volume [1]. There are many reactions involving oxygen, an example of which is the rusting of 

iron (Figure 1).  In the rusting process, neutral iron is oxidized to form Iron (III) Oxide Hydrate, 

which is commonly known as rust. This process usually requires water, because water breaks 

down oxygen to form hydroxide, which is necessary to for oxidizing Iron (II) into Iron (III) [2]. 

In addition, since the process is a redox reaction, media containing electrolytes can enable 

electrons to travel quickly, thereby speeding up the reaction. Therefore, this reaction occurs 

quickly in acidic and moist conditions.   

                                               4Fe(s)+3O2(g)+2H2O→ 2Fe2O3(s)∙2H2O 

Figure 1. Oxidation Reaction of Iron into Iron (III) Oxide Hydrate. 

By using the process above, we can design an experiment to calculate the percentage of 

oxygen in air. For instance, steel wool is an iron alloy that can react with oxygen. If we place 

steel wool in a contained area like a graduated cylinder, as oxygen reacts with the steel wool, 

there is less pressure in the container. If the cylinder is inverted and placed in a beaker with 

water, the water level inside the cylinder will gradually rise due to decrease in partial pressure of 

oxygen. Therefore, by measuring the amount of water entering the graduated cylinder, we can 
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know the amount of oxygen consumed in the reaction. In this paper, we used the experimental 

design proposed above to measure the percentage of oxygen in air by volume.  

 

 

2. Methods 

35mL of 0.2M acetic acid in a 50mL beaker was heated to 45°C to 50°C, and a 0.75g 

steel wool ball was submerged into the acid bath for 3 minutes. The steel wool ball was 

subsequently placed into the base of 50mL graduated cylinder. The graduated cylinder was 

quickly inverted and placed into a 250mL beaker, which contained deionized water at about 1 cm 

by height and a drop of food coloring. As the rusting process proceeded, deionized water was 

added to the beaker to keep the water level inside and outside the graduated the same. After the 

water level inside the graduated cylinder became constant, the final height of water level was 

recorded. The diameter and height of the graduated cylinder were also measured and recorded. 

The same procedure was conducted twice, with the exception that a 25mL graduated cylinder 

was used in place of a 50mL graduated cylinder in the second trial.   
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3. Results 

The measured values in the experiment are listed in Table 1. The average value of 

changes in water level is 16mm, indicating that even if the reaction did not proceed to 

completion, at least some rust must have been formed. 

Trial # 1 21 

Mass of steel wool (g), Msw 0.75 0.72 

Initial water level inside graduated cylinder (mm), h1 10                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              7 

Final water level inside graduated cylinder (mm), h2 25 24 

Inside radius of graduated cylinder (mm), d 23 11 

Height of graduated cylinder (mm), H 169 127 

Table 1. Measured values and changes in water levels inside the graduated cylinder. 

 

 

Using the data in Table 1, calculations were performed to calculate the percent of oxygen 

in air by volume, and the percent error compared to accepted value. Results of the calculations 

are listed in Table 2.  

Trial # 1 21 

% O2 9.4 14 

% Error 54 32 

Table 2. Calculated % O2 in air and % error using experimental data. 

 

To calculate the percentage of oxygen in the air (%O2), the ratio between the volume of 

oxygen consumed in the reaction (𝑉𝑂2
) and the volume of total air present in the graduated 

cylinder (Vair) was used (Equation 1).  

%𝑂2=
𝑉𝑂2

𝑉𝑎𝑖𝑟
× 100% 

                                                        
1 The water level for trial 2 conducted in lab didn’t rise during a30minute time period. The 

values in the trial 2 column were taken from Captain Hook’s experiment, which used a 25mL 

graduated cylinder.  
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To obtain the volume of the consumed oxygen, the height difference between the final (h2) and 

initial (h1) water level was considered. Given the reaction occurred in the in the graduated cylinder 

with radius (r), the volume of consumed oxygen could be calculated as in Equation 2.  

 

𝑉𝑂2
= 𝜋𝑟2(ℎ2 − ℎ1)  

 

To calculate the volume of air in the graduated cylinder (Vair), the difference between the volume 

of the empty graduated cylinder (V) above water and the volume of the steel wool (Vsw) was 

considered (Equation 3). The volume of the empty graduated cylinder above water could be 

calculated in a similar manner as the volume of consumed oxygen by examining the difference 

between the height of the graduated cylinder (H) and the initial water level(h1). The volume of the 

steel wool could be obtained by considering the density (Dsw) and mass (Msw) of the steel wool. 

Therefore, the volume of air in the graduated cylinder was calculated using Equation 4.  

 

𝑉𝑎𝑖𝑟 = 𝑉 − 𝑉𝑠𝑤 

 

𝑉𝑎𝑖𝑟 = 𝜋𝑟2(𝐻 − ℎ1) −  
𝑀𝑠𝑤

𝐷𝑠𝑤
 

 

 

The percent error of the experimental value was calculated using the Equation 5, where 

the experimentally determined value for % O2 was compared against the accepted value, 20.6%.  

%error = |
experimental value − accepted value

accepted value
| × 100% 

   

 

 Results from calculations (Table 2) indicate that % O2 in air is vastly underestimated. In 

particular, the % O2 in air is 9.4% for trial 1 and 14% for trial 2, resulting in a % error of 54% for 

trial 1 and a % error of 32% for trial 2, both of which are extremely high.  
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4. Discussion 

 There are multiple sources of error that could have led to the underestimation of %O2 in 

air.  One source of error is solubility of oxygen in water. If some of the oxygen were dissolved in 

water instead of reacting with iron, %O2 in air would have been underestimated. To check if this 

could be a significant source of error, we calculate the %O2 in air when taking into account 

oxygen’s solubility in water. From lab manual, we know that the solubility of oxygen (S) is 

around 7× 10-6 g/cm3, and the pressure of O2 (PO2) is about 20% of the atmospheric pressure [1]. 

We know the volume of the water (V2) in the cylinder because the final height of the water level 

is known, and we assume that the temperature (T) is 298K. Furthermore, from the volume of 

water and the solubility of oxygen in water, we can know the mass of oxygen dissolved in water 

(MO2); from the molar weight of oxygen (MWO2), we can obtain number of moles of oxygen (n) 

dissolved in water. Therefore, by using the ideal gas law, we can calculate the volume of oxygen 

dissolved in water (see Equation 6).  

𝑉𝑂2
=

𝑛𝑂2
𝑅𝑇

𝑃𝑂2
 

= (
𝑀𝑂2

𝑀𝑊𝑂2

)
𝑅𝑇

𝑃𝑂2
 

= (
𝑆𝑉𝑤

𝑀𝑊𝑂2

)
𝑅𝑇

𝑃𝑂2
 

= (
𝑆𝜋𝑟2ℎ𝑓

𝑀𝑊𝑂2

)
𝑅𝑇

𝑃𝑂2
 
 

Upon finding the volume of oxygen that dissolved in water, we can add this value to the 

experimentally determined amount of oxygen in the graduated cylinder and calculate the 

percentage of oxygen using Equation 5.  These calculations show that accounting for dissolved 

oxygen only leads to a 0.4% increase in the measured % O2. Therefore, we conclude that the 

oxygen dissolved would not have a significant impact on determining the percentage of oxygen 

in air.  

Another source of error comes from an incomplete reaction, which could be due to both 

insufficient waiting time and low surface area of steel wool.  For each trial, around 30 minutes 

were spent for the observer to monitor the change in the water level in the graduated cylinder. 
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Once the water level stopped rising, the trial was concluded. Since what “stopping” entails is 

subjective, it’s possible that the observer overestimated reaction process, and did not give the 

reaction sufficient time to proceed to completion. This would clearly lead to an underestimation 

of % O2 in air since % O2 in air is approximated from the amount of O2 consumed in the reaction. 

Moreover, the reaction also would not reach completion in a normal time frame if large amount 

of steel wool inaccessible. This could occur if the packing of the steel wool was too tight, 

because tight packing would lower surface area available for reaction and significantly delay the 

reaction progress. The tight packing of the steel wool could also lead to insufficient exposure to 

acetic acid in the core of the steel wool ball, which would also delay the reaction progress since 

the catalyst employed in this experiment was acetic acid. Therefore, we conclude that the most 

significant sources of error were insufficient waiting time and the tight packing of steel wool.  

  

5. Conclusion 

By conducting the experiment, the percentage of oxygen in the atmosphere was measured 

and calculated. Although the results do not provide an accurate value for the percentage of 

oxygen in air, this experiment demonstrates that unknown constants can be determined through 

performing a carefully designed experiment with the knowledge from chemistry and physics.  
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Post -Lab Question #4 

(a) Dr. Who’s set of data is more reliable. This is because he used a greater mass of steel wool 

(0.86g) compared to Dr. Worf’s steel wool (0.30g). As mentioned before the chemical equation 

that would occur for the rusting of iron in a moist and acidic environment is the following: 

4Fe(s)+3O2(g)+2H2→ 2Fe2O3(s)• 2H2O 

Using a smaller amount of steel wool may result in some oxygen being unreacted. In order to 

best calculate the amount of oxygen being used in the reaction, one does not want the limiting 

reactant to be the iron. If the limiting reactant were to be the iron, then there could be lots of 

unreacted oxygen in the graduated cylinder. Some oxygen being unreacted will not lead to the 

displacement of more water. The percent of oxygen calculated will end up being an 

underapproximation. Therefore, the limiting reactant in this experiment should be oxygen and 

Dr. Worf’s mass of steel wool does not seem to ensure this requirement.  

(b)  

  

 

 

 

 

 

 

 

 

 

 

mass of steel wool, Msw=0.86g 

initial water level inside graduated cylinder, h1=7.0mm 

final water level inside graduated cylinder, h2=33.5mm 

inside radius of graduated cylinder, r=10.0mm 

height of graduated cylinder, H=124mm 

 

𝑉𝑎𝑖𝑟 = 𝑉 − 𝑉𝑠𝑤 

        = 𝜋𝑟2(𝐻 − ℎ1) −
𝑀𝑠𝑤

𝐷𝑠𝑤
 

       = 𝜋(10.0)2(124 − 7.0) −
0.86

(7.866×10−3)
 

        =36800-110=36690mm3  

 

𝑉𝑂2
= 𝜋𝑟2(ℎ2 − ℎ1) 

       = 𝜋(10.0)2(33.5 − 7.0)=8330mm3 

%𝑂2=
𝑉𝑂2

𝑉𝑎𝑖𝑟
× 100% 

 

         =
8330

36690
× 100%= 22.7% 

 

%error = |
𝟐𝟐. 𝟕% − 𝟐𝟎. 𝟔%

𝟐𝟎. 𝟔%
| × 𝟏𝟎𝟎% = 𝟏𝟎. 𝟐% 
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Dr. Who’s calculated oxygen content inside the cave does seem comparable to the 20th-century 

accepted value of the percentage of oxygen in the atmosphere (20.6%), since the percent error is 

only 10.2%. 
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