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Understanding the relationship between chemical reactions and quantities of reactants and products is
fundamental in chemistry. One common question students and professionals ask is: How many moles of aluminum
are needed to produce a specific amount of hydrogen gas? In this case, we are asked to determine how many moles
of aluminum are required to produce 495.0 grams of H₂ based on the balanced chemical equation:

6NaOH + 2Al � 2Na₃AlO₃ + 3H₂

This article will guide you step-by-step through the process of calculating the required moles of aluminum,
illustrating the importance of stoichiometry in chemical reactions, and providing useful tips for solving similar
problems.

---

Understanding the Chemical Equation

Before we dive into the calculations, it's essential to understand the reaction involved.

The Balanced Reaction
The chemical equation provided is:

6NaOH + 2Al � 2Na₃AlO₃ + 3H₂

This indicates that:
- 6 moles of sodium hydroxide (NaOH) react with
- 2 moles of aluminum (Al) to produce
- 2 moles of sodium aluminate (Na₃AlO₃) and
- 3 moles of hydrogen gas (H₂).

Key Point
The mole ratio between aluminum and hydrogen gas is 2:3. This ratio is crucial for our calculations because it
tells us how many moles of aluminum are needed to produce a certain amount of hydrogen.

---

Step 1: Convert Grams of H₂ to Moles

The first step is to convert the given mass of hydrogen gas into moles.



Calculating Moles of H₂
The molar mass of hydrogen (H₂) is approximately:

- Hydrogen atomic mass: 1.008 g/mol
- Therefore, H₂ molar mass: 2 × 1.008 = 2.016 g/mol

Now, convert 495.0 grams of H₂ to moles:

Moles of H₂ = Mass of H₂ / Molar mass of H₂
= 495.0 g / 2.016 g/mol
≈ 245.83 mol

Result: Approximately 245.83 moles of hydrogen are produced.

---

Step 2: Use Mole Ratio to Find Moles of Aluminum

Using the balanced chemical equation, we relate moles of aluminum to moles of hydrogen:

- 2 mol Al produce 3 mol H₂

Rearranged as:

- Moles of Al = (Moles of H₂) × (2 mol Al / 3 mol H₂)

Applying the values:

Moles of Al = 245.83 mol H₂ × (2 mol Al / 3 mol H₂)
= 245.83 × (2/3)
≈ 163.89 mol Al

Result: Approximately 163.89 moles of aluminum are required to produce 495.0 grams of hydrogen gas.

---

Step 3: Summarize and Interpret the Results

To produce 495.0 grams of H₂, you need about 163.89 moles of aluminum. This number reflects the
stoichiometric requirement dictated by the balanced chemical equation.

---

Additional Tips for Chemical Stoichiometry Calculations



1. Always Balance the Chemical Equation
A balanced equation ensures the mole ratios are correct, which is essential for accurate calculations.

2. Convert Masses to Moles First
Use molar masses to convert all given quantities into moles before applying ratios.

3. Use Mole Ratios Carefully
Always refer to the coefficients in the balanced equation to set up your conversion factors.

4. Convert Back to Mass if Needed
If the problem asks for grams, convert moles back to grams using molar mass.

---

Common Questions Related to This Topic

How do I determine the moles of a reactant needed for a specific amount of product?

What is the importance of the mole ratio in chemical reactions?

How can I convert between grams and moles in stoichiometry problems?

---

Conclusion

Calculating the amount of aluminum needed to produce a given amount of hydrogen gas involves understanding
the chemical reaction, balancing the equation, converting grams to moles, and applying mole ratios. In this
case, approximately 163.89 moles of aluminum are required to produce 495.0 grams of H₂ according to the
reaction:

6NaOH + 2Al � 2Na₃AlO₃ + 3H₂

Mastering these steps enhances your ability to solve a wide range of stoichiometry problems and deepens your
understanding of chemical reactions in practical applications.

---
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---

Remember: Always double-check your calculations and ensure the chemical equation is properly balanced before
proceeding. With practice, such stoichiometry problems become easier and more intuitive!

Frequently Asked Questions

How many moles of aluminum are required to produce 495.0 grams of H₂ in
the reaction 6NaOH + 2Al � 2Na₃AlO₃ + 3H₂?

First, calculate moles of H₂: molar mass of H₂ = 2 g/mol, so 495.0 g / 2 g/mol = 247.5 mol. From the
balanced equation, 3 mol H₂ are produced per 2 mol Al, so moles of Al needed = (2/3) × 247.5 mol = 165 mol.

What is the molar ratio of aluminum to hydrogen gas in the reaction?

The molar ratio of aluminum to hydrogen gas is 2:3, meaning 2 moles of Al produce 3 moles of H₂.

How do you calculate the amount of aluminum needed to generate a specific
amount of H₂?

Determine the moles of H₂ produced, then use the molar ratio from the balanced equation to find the moles of Al
required. Finally, convert moles of Al to grams if needed.

If 165 moles of aluminum are required, what is the mass of aluminum needed?

The molar mass of Al is approximately 26.98 g/mol. So, 165 mol × 26.98 g/mol ≈ 4451.7 grams of aluminum.

Does the reaction involve any other reactants besides aluminum and NaOH
for hydrogen production?

In the given reaction, NaOH acts as a reactant but does not produce H₂ directly; hydrogen gas is produced
from aluminum reacting in the basic solution.

What is the significance of balancing the chemical equation in determining the
amount of reactants needed?

Balancing ensures the correct molar ratios are used, which is essential for accurately calculating the amount
of aluminum required to produce a specific amount of H₂.

Can this method be applied to other reactions producing gases to determine
reactant quantities?

Yes, this method of using molar ratios from balanced equations is widely applicable for calculating reactant
quantities in gas-producing reactions.



Additional Resources
How Many Moles Of Aluminum Are Required To Produce 495.0 Grams Of H2?
Understanding the relationship between chemical reactions and stoichiometry is fundamental for chemists,
students, and anyone interested in the science of materials. When tasked with determining how many moles of
aluminum are needed to produce a specific amount of hydrogen gas, such as 495.0 grams, it’s essential to
approach the problem systematically. This guide will walk you through the steps needed to solve this problem,
based on the balanced chemical equation:

6NaOH + 2Al � 2Na₃AlO₃ + 3H₂

---

Introduction to the Problem

In many chemical reactions, especially those involving gases, calculating the required amounts of reactants
involves understanding the molar relationships dictated by the balanced chemical equation. Here, we're asked:
How many moles of aluminum are required to produce 495.0 grams of H₂?

This problem integrates concepts of molar mass, stoichiometry, and chemical balancing. By the end of this guide,
you'll have a clear step-by-step method to determine the amount of aluminum needed.

---

Understanding the Balanced Chemical Equation

Before diving into calculations, it's crucial to analyze the chemical reaction:

6NaOH + 2Al � 2Na₃AlO₃ + 3H₂

Key points:

- The reaction involves aluminum reacting with sodium hydroxide.
- Hydrogen gas (H₂) is produced as a product.
- The stoichiometric coefficients indicate the molar ratios.

Molar Ratios from the Equation:

- 2 moles of aluminum produce 3 moles of hydrogen gas.
- Therefore, the molar ratio of Al to H₂ is 2:3.

---

Step 1: Convert the Given Mass of Hydrogen to Moles

The first step is to convert the mass of hydrogen gas into moles, because stoichiometry operates on molar
quantities.

Molar Mass of H₂:

- Hydrogen (H): approximately 1.008 g/mol
- Therefore, molar mass of H₂ = 2 × 1.008 g/mol ≈ 2.016 g/mol

Calculation:

\[
\text{Moles of H}_2 = \frac{\text{Mass of H}_2}{\text{Molar mass of H}_2} = \frac{495.0\,
\text{g}}{2.016\, \text{g/mol}}
\]



\[
\text{Moles of H}_2 \approx 245.83\, \text{mol}
\]

---

Step 2: Use the Molar Ratio to Find Moles of Aluminum

From the balanced equation, the molar ratio of aluminum to hydrogen gas is:

\[
\frac{2\, \text{mol Al}}{3\, \text{mol H}_2}
\]

Calculation:

\[
\text{Moles of Al} = \text{Moles of H}_2 \times \frac{2\, \text{mol Al}}{3\, \text{mol H}_2}
\]

\[
\text{Moles of Al} = 245.83 \times \frac{2}{3} \approx 163.89\, \text{mol}
\]

Result: Approximately 163.89 moles of aluminum are required to produce 495.0 grams of H₂.

---

Step 3: Optional - Convert Moles of Aluminum to Mass

If you need to know the mass of aluminum required:

Molar Mass of Aluminum:

- Aluminum (Al): approximately 26.98 g/mol

Calculation:

\[
\text{Mass of Al} = \text{Moles of Al} \times \text{Molar mass of Al}
\]

\[
\text{Mass of Al} = 163.89 \times 26.98 \approx 4,423.4\, \text{g}
\]

Approximately 4.42 kilograms of aluminum are needed.

---

Additional Considerations

1. Purity of Reactants

In practical scenarios, reactants are rarely 100% pure. Adjustments should be made based on the purity of
aluminum and other chemicals used.

2. Reaction Conditions



Reaction conditions such as temperature, pressure, and the presence of catalysts can influence the yield. The
above calculations assume a perfect, 100% yield.

3. Safety and Handling

Producing hydrogen gas involves flammable and explosive risks. Proper safety procedures must be followed
during laboratory or industrial processes.

---

Summary of Key Steps

- Convert the given mass of H₂ to moles:
495.0 g ÷ 2.016 g/mol ≈ 245.83 mol H₂

- Use the molar ratio from the balanced equation:
2 mol Al / 3 mol H₂

- Calculate moles of Al:
245.83 mol H₂ × (2 mol Al / 3 mol H₂) ≈ 163.89 mol Al

- Optional: Convert moles of Al to mass:
163.89 mol × 26.98 g/mol ≈ 4,423.4 g Al

---

Final Thoughts

This problem illustrates the power of stoichiometry in chemical calculations. Whether for academic purposes,
industrial applications, or research, understanding how to relate quantities of reactants and products is
fundamental. Remember to always double-check your molar ratios and ensure your units are consistent
throughout the calculations.

By mastering these steps, you'll be well-equipped to handle similar problems involving gas production,
reactant requirements, or reaction yields with confidence.

---
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