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If You Start With 4.00 Moles Of C3H8 (propane) And 4.00 Moles Of O2, How Many
Moles Of Propane Would depend on the chemical reaction occurring between propane
and oxygen. This question touches on fundamental concepts in stoichiometry, which
involves calculating the quantities of reactants and products in chemical reactions.
Understanding how to determine the limiting reagent and how much of each substance is
consumed or produced is essential for mastering chemical calculations. In this article, we
will explore the combustion of propane, analyze the reaction stoichiometry, and
demonstrate how to calculate the amount of propane that would be consumed or
remaining given the initial quantities.

Understanding the Combustion of Propane
(C3H38)

The Balanced Chemical Equation

The combustion of propane (C3H8) in oxygen (O2) is a common example of a hydrocarbon
combustion reaction. The general form of the combustion reaction is:

C3H8 + 02 -» CO2 + H20

To perform stoichiometric calculations, we need the balanced chemical equation. Let’s
balance it step-by-step:

1. Write the unbalanced equation:
C3H8 + 02 - CO2 + H20

2. Balance carbon atoms:

C3H8 + 02 - 3 CO2 + H20

3. Balance hydrogen atoms:
C3H8 + 02 - 3 CO2 + 4 H20

4. Balance oxygen atoms:



On the right:

- From 3 CO2: 3 X 2 = 6 oxygen atoms

- From 4 H20: 4 x 1 = 4 oxygen atoms

- Total oxygen needed: 6 + 4 = 10

On the left:

- 02 molecules provide 2 oxygen atoms each.
To get 10 oxygen atoms, we need:

10 /2 = 5 O2 molecules

So, the balanced equation is:

C3H8 + 502 - 3 CO2 + 4 H20

This balanced equation indicates that 1 mole of propane reacts with 5 moles of oxygen.

Stoichiometric Calculations Based on Initial
Moles

Initial Moles of Reactants

Given:

- Moles of propane (C3HS8): 4.00 mol
- Moles of oxygen (02): 4.00 mol

The key question is: Given these initial quantities, how much propane would be consumed,
and how much would remain?

Limiting Reactant Analysis

To determine how much of each reactant is consumed, compare the initial amounts to the
stoichiometric ratios from the balanced equation.

- For propane:

- Each mole of propane requires 5 moles of O2
- Total O2 needed for 4.00 mol of propane: 4.00 mol X 5 = 20.00 mol



- For oxygen:

- Each 5 mol of O2 reacts with 1 mol of propane
- With 4.00 mol of O2 available, the maximum propane that can be reacted is:

4.00 mol O2 /5 = 0.80 mol

This means:

- Oxygen is the limiting reagent because only 0.80 mol of propane can react with 4.00 mol
of O2.

- The remaining propane after the reaction will be:

4.00 mol (initial) - 0.80 mol (reacted) = 3.20 mol

Summary:

- Propane that reacts: 0.80 mol

- Propane remaining unreacted: 3.20 mol

- Oxygen that reacts: 4.00 mol
- Oxygen remaining: 0 mol (completely consumed)

Calculating the Extent of Reaction

How Much Propane Is Consumed?

Since oxygen is the limiting reactant, the amount of propane that reacts is based on the
initial oxygen:

-4.00 mol O2 x (1 mol C3H8 /5 mol O2) = 0.80 mol C3H8

Therefore, 0.80 mol of propane will be consumed.

How Much Oxygen Is Used?

- As established, all 4.00 mol of oxygen will be used, since oxygen is limiting.

Remaining Reactants After Reaction

- Propane remaining:



4.00 mol initial - 0.80 mol reacted = 3.20 mol
- Oxygen remaining:

4.00 mol - 4.00 mol = 0 mol

Calculating Products Formed

Carbon Dioxide (CO2) Production

From the balanced equation:
1 mol of propane produces 3 mol of CO2.
- Moles of CO2 produced from 0.80 mol of propane:

0.80 mol x 3 = 2.40 mol

Water (H20) Production

Similarly:

1 mol of propane produces 4 mol of H20.
- Moles of H20 produced:

0.80 mol x 4 = 3.20 mol

Summary of products:

- CO2: 2.40 mol
- H20: 3.20 mol

Summary of Key Calculations

- Reactants:

- Propane initially: 4.00 mol
- Oxygen initially: 4.00 mol



- Reacted:

- Propane: 0.80 mol
- Oxygen: 4.00 mol

- Remaining:

- Propane: 3.20 mol
- Oxygen: 0 mol

- Products formed:

- CO2: 2.40 mol
- H20: 3.20 mol

Implications of the Reaction: Real-World
Applications

Understanding how to perform these calculations is crucial in various real-world
scenarios, including:

- Fuel Efficiency: Estimating how much propane is needed to produce a certain amount of
energy.

- Environmental Impact: Calculating CO2 emissions from propane combustion.

- Industrial Processes: Designing reactors and processes for optimal fuel usage.

Additional Considerations in Stoichiometry

Reaction Conditions

The calculations above assume ideal conditions—complete combustion and no side
reactions. In practice, factors such as incomplete combustion, impurities, and temperature
variations can influence the actual quantities.

Limiting Reactant and Excess Reactant

Knowing which reactant is limiting helps in:



- Optimizing fuel usage to avoid waste.
- Reducing emissions by ensuring complete combustion.

Calculating Theoretical Yield

The maximum amount of product (CO2 and H20) that can be formed from given reactants
is called the theoretical yield, which we have calculated as 2.40 mol CO2 and 3.20 mol
H2O0 in this case.

Conclusion

Starting with 4.00 moles of propane and 4.00 moles of oxygen, the limiting reagent is
oxygen. Under these conditions, approximately 0.80 mol of propane will be consumed,
producing 2.40 mol of carbon dioxide and 3.20 mol of water. The remaining propane (3.20
mol) does not react due to insufficient oxygen. These calculations exemplify the
importance of stoichiometry in chemical reactions, enabling chemists and engineers to
predict reactant consumption and product formation accurately. Mastering these concepts
is essential for applications ranging from energy production to environmental
management.

Frequently Asked Questions

If you start with 4.00 moles of C3H8 and 4.00 moles of
02, how many moles of propane would be consumed if
the reaction goes to completion?

Since the balanced equation for combustion is C3H8 + 502 — 3C0O2 + 4H20, 1 mole of
propane reacts with 5 moles of oxygen. With only 4.00 moles of O2 available, oxygen is the
limiting reagent, and all 4.00 moles of O2 will be consumed, which corresponds to 0.80
moles of propane reacting.

What is the limiting reactant when starting with 4.00
moles of C3H8 and 4.00 moles of 02?

Oxygen (02) is the limiting reactant because it is present in fewer molar ratios relative to
the stoichiometric requirement (5 moles O2 per mole C3H8). With only 4.00 moles of O2,
less propane will be consumed compared to if oxygen were in excess.



How many moles of CO2 are produced when 4.00 moles
of O2 react with propane?

Since 5 moles of O2 produce 3 moles of CO2, 4.00 moles of O2 will produce (3/5) x 4.00 =
2.40 moles of CO2.

If you start with 4.00 moles of C3H8 and excess 02, how
many moles of CO2 will be produced after complete
combustion?

Complete combustion of 4.00 moles of propane will produce (3/1) x 4.00 = 12.00 moles of
CO2.

How do you determine the amount of propane that
reacts when starting with limited oxygen?

Identify the limiting reactant using stoichiometry; since O2 is limited, calculate how much
propane reacts based on the available oxygen—here, 4.00 moles O2 can react with 0.80
moles of propane.

Can all the propane react if only 4.00 moles of O2 are
available?

No, only 0.80 moles of propane can react with 4.00 moles of O2; the remaining propane
would be unreacted if oxygen is limiting.

What is the theoretical yield of CO2 in this reaction
starting with 4.00 moles of 02?

The theoretical yield of CO2 is 2.40 moles, based on complete reaction with the limiting
oxygen.

If 4.00 moles of propane are fully combusted, how many
moles of 02 would be required?

To fully combust 4.00 moles of propane, 5 times that amount of O2 is needed: 5 x 4.00 =
20.00 moles of O2.

What is the practical significance of knowing the
starting amounts of propane and oxygen in a
combustion reaction?

Knowing the initial amounts helps determine the limiting reactant, the extent of reaction,
and the theoretical yields of products, which are crucial for efficiency and safety in
industrial processes.



Additional Resources

If You Start With 4.00 Moles Of CsHs (Propane) And 4.00 Moles Of Oz, How Many Moles Of
Propane Would

Introduction

In the realm of chemical reactions, stoichiometry serves as a cornerstone for
understanding how quantities of reactants influence the formation of products. Among the
myriad of reactions that exemplify this principle, the combustion of propane (CsHs) stands
out due to its practical importance in energy production, heating, and industrial
processes. This investigation delves into a fundamental question: If you start with 4.00
moles of CsHs and 4.00 moles of Oz, how many moles of propane would remain or be
consumed during the reaction?

This comprehensive analysis explores the combustion process, the concept of limiting
reagents, and the precise calculations necessary to determine the outcome when equal
molar amounts are initially present. By scrutinizing the stoichiometry involved, this article

aims to elucidate the reaction dynamics and provide clarity for students, educators, and
professionals interested in the quantitative aspects of chemical reactions.

Understanding the Combustion of Propane

The Chemical Equation

Propane (CsHs) undergoes a combustion reaction in the presence of oxygen (O2) to
produce carbon dioxide (CO2) and water (H20). The balanced chemical equation is:

C3sHs + 502 -3 CO2 + 4 H20

This 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.

Implication of the Reaction Coefficients

The molar ratios derived from the balanced equation are critical:

- Propane to oxygen ratio: 1 : 5
- Propane to carbon dioxide ratio: 1 : 3
- Propane to water ratio: 1 : 4



Understanding these ratios allows us to determine how many moles of reactants are
required or consumed based on initial quantities, and identify the limiting reagent — the
reactant that will be exhausted first and thus determine the extent of the reaction.

Initial Reactant Quantities and Their Significance

Given initial conditions:

- Moles of propane (CszHs): 4.00 mol
- Moles of oxygen (0O2): 4.00 mol

At face value, these quantities suggest a potential imbalance. Since the stoichiometric

ratio requires 5 mol of Oz per mol of propane, starting with only 4.00 mol of Oz per 4.00
mol of propane indicates oxygen is initially limiting.

Assessing Reactant Ratios

Let's compare the initial molar amounts to the stoichiometric requirements:

- Required O:2 for 4.00 mol of propane: 4.00 mol X 5 mol Oz / mol CsHs = 20.00 mol Oz
- Actual Oz available: 4.00 mol

Since 4.00 mol < 20.00 mol, oxygen is insufficient to fully react with all 4.00 mol of
propane present.

Conclusion: Oxygen is the limiting reagent in this scenario.

Calculating the Extent of Reaction

Determining Propane Consumption

Because oxygen is limiting, the amount of propane that can fully react is dictated by the
available oxygen:

- Moles of propane that can react = Available O2/5 = 4.00 mol / 5 = 0.80 mol

Thus, only 0.80 mol of propane will be consumed during the reaction, given the initial
oxygen supply.



Remaining Propane

Initial propane: 4.00 mol
Propane reacted: 0.80 mol

Remaining propane: 4.00 mol - 0.80 mol = 3.20 mol

Implication: After the reaction, 3.20 mol of propane remains unreacted because the
oxygen supply is exhausted after consuming 0.80 mol of propane.

Quantifying Reaction Products

Calculating Carbon Dioxide and Water Produced

Using the molar ratios:

- CO2 produced: 3 mol CO2/ 1 mol CsHs

- Water produced: 4 mol H20 / 1 mol CsHs
For 0.80 mol of propane reacted:

- CO2 produced = 0.80 mol x 3 = 2.40 mol
- H20 produced = 0.80 mol x 4 = 3.20 mol

Summary of Products

| Product | Moles Produced |
I I I

| CO2 | 2.40 mol |

| H20 | 3.20 mol |

Final Reactant and Product Summary

| Reactant/Product | Initial (mol) | Consumed/Produced (mol) | Remaining/Final (mol) |
I I I I I

| Propane (CsHs) | 4.00 | 0.80 (reacted) | 3.20 |

| Oxygen (O2) | 4.00 | 4.00 (reacted) | 0.00 |




| Carbon Dioxide (COz2) | 0 | 2.40 (produced) | 2.40 |
| Water (H20) | 0 | 3.20 (produced) | 3.20 |

This detailed breakdown reveals that starting with equal molar amounts of propane and
oxygen (4.00 mol each) results in complete oxygen consumption after reacting with only
0.80 mol of propane, leaving a significant excess of unreacted propane.

Implications for Reaction Efficiency and Practical
Applications

Limiting Reagent Dynamics

This scenario exemplifies the importance of initial reagent ratios. When reactants are not
supplied in the stoichiometric ratio, the limiting reagent determines the maximum extent
of the reaction, directly affecting the yield of products.

Key points:

- Excess reactant remains unreacted.

- Complete consumption of limiting reagent signifies the maximum possible conversion
under initial conditions.

- Adjusting initial molar ratios can optimize product yields.

Real-World Considerations

In industrial combustion processes, ensuring the correct stoichiometric ratios is critical
for efficiency, safety, and environmental compliance:

- Excess oxygen can lead to inefficiencies and increased costs.

- Insufficient oxygen results in incomplete combustion, producing pollutants like carbon
monoxide and soot.

- Precise calculations, like the one above, aid in designing optimal fuel-oxidizer mixtures.

Conclusion

The question, "If you start with 4.00 moles of CsHs and 4.00 moles of Oz, how many moles
of propane would" be consumed, hinges on understanding the stoichiometry of propane's
combustion reaction. The detailed analysis reveals:



- Oxygen is the limiting reagent in this scenario.

- Only 0.80 mol of propane will be reacted, consuming all 4.00 mol of available oxygen.
- Consequently, 3.20 mol of propane remains unreacted.

- The reaction produces 2.40 mol of CO2 and 3.20 mol of H20.

This case study underscores the importance of molar ratios in chemical reactions and
highlights how initial reactant quantities influence the reaction pathway and product
formation. Such insights are invaluable in chemical engineering, environmental
management, and educational contexts, where precision in reactant proportions directly
correlates with efficiency and sustainability.

Understanding the intricacies of this combustion process not only informs theoretical
chemistry but also provides practical guidance for optimizing real-world reactions.
Whether for energy production, emissions control, or academic exploration, mastering
these calculations is fundamental to advancing chemical science and engineering.
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