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Understanding the mass of oxygen involved in the incomplete combustion of propane is essential for
both academic purposes and practical applications such as safety, environmental impact, and energy
efficiency. This article provides a comprehensive analysis of the chemical reactions governing

incomplete combustion, detailed calculations to determine the oxygen mass reacting with 18.0 grams

of propane, and insights into the implications of incomplete combustion processes.

Introduction to Propane and Combustion Processes

Propane, chemically represented as CDHD, is a hydrocarbon commonly used as fuel for heating,
cooking, and transportation. When combusted, propane reacts with oxygen (OD) to produce carbon
dioxide (COD) and water (HDO) in complete combustion, releasing energy.

Complete Combustion Reaction:

clnl + 50l 0 3coll + anlo

However, in real-world scenarios, combustion often occurs incompletely due to insufficient oxygen

supply, leading to the formation of carbon monoxide (CO), soot (carbon), and other pollutants.

Incomplete Combustion Reaction:



clnl + ol [ co + Hlo + ¢ (soot)

This incomplete combustion not only impacts energy efficiency but also poses health hazards due to

toxic gases like CO.

Understanding the Chemical Reactions Involved

The complete combustion of propane involves a straightforward reaction, but incomplete combustion is
more complex. To accurately determine the oxygen mass involved, it's crucial to understand the

primary reactions and the typical products formed during incomplete combustion.

Complete Combustion Reaction

- Equation:

clnl + soll 0 scoll + anllo

- Moles of propane in 18.0 g:

Calculate using molar mass of propane:

Molar mass of CDHD = (3 x 12.01) + (8 x 1.008) = 36.03 + 8.064 = 44.094 g/mol
Number of moles:

n=18.0 g/ 44.094 g/mol U 0.408 mol



- Moles of OD required:

From the balanced equation, 1 mol of CDHD reacts with 5 mol of OD.
Oxygen needed:

0.408 mol x 5 = 2.04 mol O]

- Mass of oxygen:

Molar mass of OD = 32.00 g/mol

Mass of oxygen:

2.04 mol x 32.00 g/mol U 65.3 g

Incomplete Combustion Reactions

In incomplete combustion, depending on conditions, the products can include:
- Carbon monoxide (CO)

- Carbon (soot)

- water (HUo)

A generalized reaction:

clnl + xoll U yco + z¢ + whllo

The exact ratios depend on the extent of oxygen deficiency.



Calculating the Mass of Oxygen During Incomplete Combustion

Since incomplete combustion can produce a mixture of products, a common approach is to assume a
certain fraction of complete combustion occurs, and the remaining is incomplete, or to analyze a
typical incomplete combustion scenario.

For simplicity and clarity, we'll consider the following:

- Scenario: Propane undergoes partial combustion producing CO and soot, with less oxygen than

required for complete combustion.

- Objective: To determine the mass of oxygen that reacts with 18.0 g of propane during incomplete

combustion.

Step 1: Establish the Reaction Model

Let's assume a simplified incomplete combustion reaction:
cUnl + xoll [ yco + z¢ + whllo

For practical calculations, we need to define how much of the propane combusts incompletely, i.e.,

produce some CO and soot, and how much oxygen is consumed.

Suppose a specific fraction of propane undergoes complete combustion, and the rest undergoes

incomplete combustion.



Step 2: Assume a Fraction of Complete and Incomplete Combustion

For example, assume:

- 80% of the propane combusts completely.

- 20% undergoes incomplete combustion.

This is a typical approximation in real-world combustion systems.

- Moles of propane involved:

Total moles: 0.408 mol

- Moles undergoing complete combustion:

0.8 x 0.408 mol = 0.3264 mol

- Moles undergoing incomplete combustion:

0.2 x 0.408 mol = 0.0816 mol

Step 3: Calculate Oxygen Consumption for Complete Combustion

From earlier:



- Complete combustion of 0.3264 mol propane:
Oxygen required:

0.3264 mol x 5 = 1.632 mol Ol]

Mass of oxygen:

1.632 mol x 32.00 g/mol I:l 522 g

Step 4: Estimate Oxygen Consumption for Incomplete Combustion

Incomplete combustion produces CO and soot. Suppose:

- All 0.0816 mol propane reacts to produce CO and C, with a typical ratio.
Assuming:

clnl + xoll 0 3co + z¢ + whllo

For simplicity, assume complete conversion to CO and C:

- Reaction:

clnl + xoll  3co + ac + anllo

But this reaction is unbalanced as written.



Alternatively, a plausible incomplete combustion reaction is:

clnl + 30l [ 3co + 4nllo

But this is still a simplified model.

To estimate oxygen consumption more accurately, consider the following:

- Complete combustion: 1 mol propane consumes 5 mol OD.

- Partial combustion to CO: 1 mol propane consumes 3 mol OD per mol of propane to produce CO

and HDO.

Given the complexity, a common assumption is that each mol of propane producing CO instead of

COD consumes fewer oxygen molecules, i.e., approximately 3 mol O[l per mol propane.
Hence, oxygen needed for incomplete combustion:

0.0816 mol x 3 mol OD D 0.245 mol OD

Mass of oxygen:

0.245 mol x 32.00 g/mol [l 7.84 g

Step 5: Total Oxygen Mass Reacted

Adding both:

- Complete combustion oxygen: D 522 g



- Incomplete combustion oxygen: D 7.84 g
Total oxygen reacting:
522g+784gl600g

This approximation suggests that approximately 60.0 grams of oxygen react during the incomplete

combustion of 18.0 grams of propane, considering the assumptions made.

Implications and Environmental Considerations

Understanding the oxygen consumption during incomplete combustion is critical for multiple reasons:
- Efficiency: Less oxygen leads to incomplete combustion, reducing energy output.

- Pollutant Formation: Increased production of carbon monoxide and soot.

- Health Hazards: CO is a toxic gas, posing risks in enclosed spaces.

- Environmental Impact: Soot and CO contribute to air pollution and climate change.

Proper combustion management, adequate oxygen supply, and efficient burner design help minimize

incomplete combustion.

Conclusion

Calculating the mass of oxygen reacting during the incomplete combustion of propane involves



understanding the stoichiometry of combustion reactions, making reasonable assumptions about the
extent of incomplete combustion, and performing precise molar calculations. Based on typical
assumptions, approximately 60 grams of oxygen react with 18.0 grams of propane during incomplete

combustion, producing a mixture of CO, soot, and water.

Key Takeaways:

- Complete combustion of 18.0 g propane requires about 65.3 g oxygen.

- Incomplete combustion usually consumes slightly less oxygen per mole of propane.

- Real-world combustion often results in a mixture of products, with the oxygen consumption

depending on conditions.

By understanding these principles, engineers and chemists can optimize combustion systems for

safety, efficiency, and environmental compliance.

Frequently Asked Questions (FAQs)

¢ Q: Why does incomplete combustion produce carbon monoxide instead of carbon dioxide?

e A: When there isn't enough oxygen, carbon can't fully oxidize to COD, resulting in CO formation,

which is more stable under oxygen-deficient conditions.
¢ Q: How can incomplete combustion be minimized?

e A: Ensuring a proper oxygen supply, maintaining optimal burner operation, and using efficient

combustion technology help reduce incomplete combustion.



¢ Q: What are the environmental impacts of incomplete combustion?

¢ A: It leads to emissions of CO, soot, and unburned hydrocarbons, contributing to air pollution

and health hazards.
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Frequently Asked Questions

How do you determine the mass of oxygen required during the
incomplete combustion of 18.0 g of propane?

First, write the balanced combustion reaction for propane (C3H8), identify the oxygen needed for
incomplete combustion, and then use molar ratios and molar masses to calculate the mass of oxygen

reacting with 18.0 g of propane.

What is the chemical equation for the incomplete combustion of
propane?
The incomplete combustion of propane can be represented as C3H8 + 02 D CO + H20 + C (soot),

indicating that less oxygen is used, leading to carbon monoxide and soot formation.

How does incomplete combustion affect the amount of oxygen



consumed compared to complete combustion?

Incomplete combustion consumes less oxygen per mole of propane than complete combustion,
producing carbon monoxide and soot instead of carbon dioxide, thus requiring a different calculation

for the oxygen mass.

What is the molar mass of propane, and how is it used in calculations
for oxygen mass during combustion?

The molar mass of propane (C3H8) is approximately 44.1 g/mol. It is used to convert the given mass
of propane to moles, which then helps determine the amount of oxygen needed based on the

reaction's molar ratios.

What assumptions are typically made when calculating the mass of
oxygen during incomplete combustion of propane?

Assumptions include that the combustion produces a specific mixture of products (like CO, H20, and
C), that reactions proceed to completion under ideal conditions, and that the molar ratios are based on

the balanced incomplete combustion equations.

Additional Resources

What Mass Of Oxygen Reacts During The Incomplete Combustion Of 18.0 G Of Propane?

In the realm of chemistry, combustion reactions are fundamental processes that power countless
applications—from heating homes to fueling engines. However, not all combustions are created equal;
some are complete, producing only carbon dioxide and water, while others are incomplete, resulting in
a mixture of products including carbon monoxide and soot. Today, we explore a specific scenario:
determining the mass of oxygen reacting during the incomplete combustion of 18.0 grams of propane
(CDHD). This problem offers an insightful look into chemical reactions, stoichiometry, and the

importance of understanding incomplete combustion’s implications.



Understanding Combustion of Propane

Propane’s Chemical Profile

Propane (CDHD) is a hydrocarbon commonly used as fuel. Its combustion involves reacting with
oxygen (OD) to produce energy, ideally forming carbon dioxide (COD) and water (HI]O). The ideal,
complete combustion reaction can be written as:

cUnl + sol] U 3coll + anllo

This balanced equation indicates that one mole of propane reacts with five moles of oxygen to produce

three moles of carbon dioxide and four moles of water.

Incomplete Combustion Dynamics

In practice, combustion often isn’t perfect. Insufficient oxygen supply or suboptimal conditions lead to
incomplete combustion, producing byproducts such as carbon monoxide (CO), soot (carbon particles),
and sometimes unburned hydrocarbons. For the purpose of this analysis, we assume a scenario

where incomplete combustion occurs primarily resulting in carbon monoxide and water, while some

unreacted carbon remains.

The Chemistry Behind Incomplete Combustion
General Reaction Pathways

During incomplete combustion, the primary reactions involving propane can be summarized as:



1. Formation of Carbon Monoxide:

CDHD + O[l D CO + HDO (plus other products)

2. Formation of Soot (Carbon Particles):

clHl + oll [ ¢ (soot) + Ho (plus co)

3. Mixed Reactions

In reality, the reactions are complex, producing a mixture of CO, COD, soot, and water. However, for

stoichiometric calculations, it’'s common to assume a simplified model where incomplete combustion

produces a certain proportion of CO and unburned carbon, depending on oxygen availability.

Step-by-Step Calculation Approach
To determine the mass of oxygen reacting during incomplete combustion, we need to:
1. Calculate the moles of propane burned.

2. Establish the approximate reaction pathway and its stoichiometry.

3. Determine the amount of oxygen involved based on the reaction model.

Step 1: Calculating Moles of Propane
Given data:

- Mass of propane, m = 18.0 grams



- Molar mass of propane, M(CDHD):
C: 12.01 g/mol x 3 = 36.03 g/mol

H: 1.008 g/mol x 8 = 8.064 g/mol
Total: 36.03 + 8.064 [l 44.10 g/mol
Number of moles:

nclnl) = m /M = 18.0 g 7 44.10 gimol U 0.408 mol

Step 2: Establishing the Reaction Model
Simplified Incomplete Combustion Model

Given the complexity of real-world incomplete combustion, a common assumption is that a certain

fraction of propane undergoes complete combustion, while the rest results in incomplete products.
For illustration purposes, we'll assume:

- 50% of propane undergoes complete combustion (producing COD and HDO)

- 50% undergoes incomplete combustion (producing CO and soot)

This is a simplification, but it allows us to perform a reasonable estimation.

Step 3: Calculating Oxygen Consumption



A. Complete Combustion Portion

- Moles of propane undergoing complete combustion:
n_complete = 0.5 x 0.408 mol [] 0.204 mol

- Reaction:

clrl + 5ol [ 3coll + anllo

- Oxygen required:

For each mole of propane, 5 moles of OD are needed.
So,

O[l for complete combustion:

n_OD_compIete =0.204 mol x 5 = 1.02 mol

B. Incomplete Combustion Portion

- Moles of propane undergoing incomplete combustion:
n_incomplete = 0.204 mol

- Approximate reaction:

clrl + 30l 0 3co + 4nllo

(This is a simplified model, assuming partial oxidation to CO)



- Oxygen required:
n_OD_incompIete =0.204 mol x 3 = 0.612 mol
Total oxygen reacted:

n_O[l_totaI = n_OD_compIete + n_OD_incompIete =1.02 mol + 0.612 mol = 1.632 mol

Step 4: Converting Moles of Oxygen to Mass
- Molar mass of oxygen, OD = 32.00 g/mol
- Mass of oxygen reacting:

mass_OD = n_OD_totaI x 32.00 g/mol = 1.632 mol x 32.00 g/mol [l 52.22 grams

Final Result:

Approximately 52.2 grams of oxygen react during the incomplete combustion of 18.0 grams of propane

under the assumptions made.

Discussion and Real-World Implications

This calculation underscores several important considerations:



- Incomplete combustion consumes a significant amount of oxygen, sometimes comparable to
complete combustion, especially when oxygen supply is limited.

- Environmental impact: Incomplete combustion produces harmful pollutants like carbon monoxide,
which pose health risks.

- Efficiency considerations: Ensuring complete combustion minimizes pollutant formation and

maximizes energy output.

In practical applications, the actual amount of oxygen consumed can vary based on combustion
conditions, oxygen availability, and burner design. The simplified model used here provides a useful

estimate but should be refined with empirical data for precise engineering calculations.

Conclusion

Understanding the mass of oxygen involved in incomplete combustion processes extends beyond
academic curiosity—it’s vital for environmental management, energy efficiency, and safety protocols. In
the case of burning 18.0 grams of propane, our estimates suggest that approximately 52.2 grams of
oxygen are involved in the reaction, highlighting the substantial oxygen demand even in incomplete
combustion scenarios. As technology advances and emissions standards tighten, deepening our grasp
of such chemical processes remains essential for developing cleaner and more efficient combustion

systems.

Note: The actual oxygen consumption can vary based on combustion conditions, and detailed analysis
may involve more complex reaction pathways and product distributions. This article provides a

foundational approach to tackling such problems through stoichiometry and chemical reasoning.
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