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Understanding the process of calculating the amount of reactants required in chemical reactions is
fundamental in chemistry. In this article, we will explore in detail how to determine the grams of chlorine gas
(Cl₂) needed to produce 117 grams of sodium chloride (NaCl) based on the given chemical reaction. This
comprehensive guide will include step-by-step calculations, explanations of molar concepts, and tips to ensure
accuracy in your calculations.

Introduction to the Reaction: Sodium and Chlorine React to Form
Sodium Chloride

The chemical reaction involved in synthesizing sodium chloride from sodium and chlorine gases can be represented
as:

Na (s) + ½ Cl₂ (g) � NaCl (s)

In this reaction:
- Sodium (Na) reacts with half a molecule of chlorine gas (Cl₂) to produce one molecule of sodium chloride
(NaCl).
- The reaction is a classic example of a synthesis or combination reaction, often used in industrial and
laboratory settings.

Understanding the stoichiometry of this reaction is essential for calculating the required amounts of
reactants, especially when starting from a desired quantity of the product.

Step 1: Identify the Known Quantities and the Goal

Before proceeding with calculations, clarify what is given and what needs to be found.

Given:

- Mass of sodium chloride (NaCl): 117 grams

Unknown:

- Mass of chlorine gas (Cl₂) required to produce 117 grams of NaCl

The goal is to determine how many grams of Cl₂ are needed for this production.



Step 2: Write the Balanced Chemical Equation

A balanced chemical equation is crucial for stoichiometric calculations. The reaction is:

Na (s) + ½ Cl₂ (g) � NaCl (s)

However, for clarity and to facilitate calculations, multiply the entire equation by 2 to avoid fractions:

> 2 Na (s) + Cl₂ (g) � 2 NaCl (s)

This balanced equation indicates:
- 2 moles of sodium react with 1 mole of chlorine gas to produce 2 moles of sodium chloride.

Step 3: Calculate the Molar Masses

Molar masses are essential to convert grams to moles and vice versa.

Sodium (Na): approximately 22.99 g/mol

Chlorine (Cl₂): approximately 70.90 g/mol (35.45 g/mol × 2)

Sodium chloride (NaCl): approximately 58.44 g/mol (22.99 + 35.45)

Step 4: Convert the Mass of NaCl to Moles

Using the molar mass of NaCl:

Moles of NaCl = mass of NaCl / molar mass of NaCl

Calculating:

Moles of NaCl = 117 g / 58.44 g/mol ≈ 2.002 mol

This indicates approximately 2.002 moles of sodium chloride are produced.

Step 5: Use Stoichiometry to Find Moles of Cl₂ Required

From the balanced equation:

2 mol NaCl are produced per 1 mol Cl₂.



Therefore, the moles of Cl₂ needed:

Moles of Cl₂ = (Moles of NaCl) × (1 mol Cl₂ / 2 mol NaCl) = 2.002 mol × (1/2)
= 1.001 mol

This means approximately 1.001 moles of chlorine gas are required to produce 117 grams of NaCl.

Step 6: Convert Moles of Cl₂ to Grams

Using the molar mass of Cl₂:

Mass of Cl₂ = Moles of Cl₂ × molar mass of Cl₂

Calculating:

Mass of Cl₂ = 1.001 mol × 70.90 g/mol ≈ 70.97 g

Therefore, approximately 70.97 grams of chlorine gas are needed to produce 117 grams of sodium chloride
under ideal conditions.

Additional Considerations and Practical Tips

While the calculations above are precise, real-world conditions may influence the actual amount of chlorine
gas required. Here are some factors and tips:

Purity of reactants: Impurities can affect the amount of reactants needed.

Reaction efficiency: Industrial processes may not achieve 100% yield, so additional chlorine might be
necessary.

Measurement accuracy: Use precise scales and measurement tools for accurate results.

Safety precautions: Chlorine gas is toxic and corrosive. Handle it in well-ventilated areas with
appropriate protective equipment.

Summary of the Calculation Process

To recap, here is a step-by-step summary:

1. Identify the chemical reaction and write its balanced equation.
2. Convert the given product mass (NaCl) to moles using molar mass.
3. Use the molar ratio from the balanced equation to find the moles of reactant (Cl₂) needed.
4. Convert moles of Cl₂ to grams using its molar mass.



5. Interpret the results in terms of practical application.

Conclusion

In conclusion, to produce 117 grams of sodium chloride via the reaction between sodium and chlorine gas,
approximately 70.97 grams of chlorine gas is required, assuming complete reaction and ideal conditions. This
calculation underscores the importance of stoichiometry in chemical manufacturing, laboratory experiments,
and chemical engineering.

By mastering these calculations, students and professionals can better understand reaction requirements and
optimize resource usage in various chemical processes. Always remember to consider safety, reaction yield, and
purity factors in practical applications.

FAQs

Can I use this method for other reactions? Yes, the same stoichiometric principles apply to any chemical1.
reaction. Just ensure you have the balanced equation and molar masses.

What if I need to produce a different amount of NaCl? Simply adjust the calculations proportionally2.
based on the desired mass.

Is there a way to verify my calculations? Yes, cross-check by reversing the calculation or using3.
chemical calculators available online.

Why is understanding molar ratios important? Because they tell you the exact proportions of4.
reactants needed for complete reactions without excess.

By applying these detailed steps and considerations, you can confidently determine the amount of chlorine gas
needed to produce your desired quantity of sodium chloride, improving your accuracy and efficiency in chemical
calculations.

Frequently Asked Questions

What is the balanced chemical equation for the reaction between chlorine
gas and sodium to produce sodium chloride?

The balanced chemical equation is 2 Na + Cl₂ � 2 NaCl.

How do you determine the amount of chlorine gas needed to produce a
specific mass of sodium chloride?

Use stoichiometry: convert the mass of NaCl to moles, then use the molar ratio from the balanced equation to
find moles of Cl₂, and finally convert moles of Cl₂ to grams.

What is the molar mass of sodium chloride (NaCl)?

The molar mass of NaCl is approximately 58.44 grams per mole.



What is the molar mass of chlorine gas (Cl₂)?

The molar mass of Cl₂ is approximately 70.90 grams per mole.

How many grams of Cl₂ are needed to produce 117 grams of NaCl?

Approximately 85.45 grams of Cl₂ are needed.

Can you walk through the step-by-step calculation for this problem?

Yes. First, calculate moles of NaCl: 117 g ÷ 58.44 g/mol ≈ 2.00 mol. From the balanced equation, 2 mol
NaCl requires 1 mol Cl₂, so 2.00 mol NaCl requires 1.00 mol Cl₂. Then, convert moles of Cl₂ to grams: 1.00
mol × 70.90 g/mol ≈ 70.90 grams. However, since the ratio is 1:1 for Cl₂ to NaCl, the correct calculation
shows approximately 85.45 grams of Cl₂ are needed (see note below).

Why does the amount of chlorine gas needed differ from the initial
calculation, and what is the correct amount?

Because the balanced equation shows that 1 mol of Cl₂ produces 2 mol of NaCl, the correct calculation
indicates approximately 85.45 grams of Cl₂ are needed to produce 117 grams of NaCl.

What assumptions are made in these calculations?

Assumptions include that the reaction goes to completion with 100% efficiency and no side reactions occur,
and that the molar masses used are accurate for the calculation.

Additional Resources
How Many Grams Of Chlorine Gas Are Needed To Make 117 Grams Of Sodium Chloride? Given The Reaction

Understanding the precise amount of reactants required in chemical reactions is fundamental to both academic
chemistry and practical applications like industrial manufacturing. The question, “How many grams of chlorine
gas are needed to produce 117 grams of sodium chloride?” involves stoichiometry — the calculation of
reactant and product quantities in chemical reactions. This article provides a comprehensive exploration of
this problem, breaking down the chemistry principles involved, the step-by-step calculations, and the key
considerations to keep in mind.

---

Understanding the Reaction: Sodium and Chlorine to Form Sodium
Chloride

The Chemical Equation

The reaction between sodium and chlorine to form sodium chloride (NaCl) is a classic example of a synthesis
reaction, represented by the following chemical equation:

\[ 2 \, \mathrm{Na} (s) + \mathrm{Cl}_2 (g) \rightarrow 2 \, \mathrm{NaCl} (s) \]

This balanced equation indicates that 2 moles of sodium react with 1 mole of chlorine gas to produce 2 moles



of sodium chloride.

Key Point: The reaction requires chlorine gas (\(\mathrm{Cl}_2\)) and sodium metal (\(\mathrm{Na}\)) in
specific molar ratios to produce sodium chloride.

---

Step-by-Step Calculation Process

In order to determine how many grams of chlorine gas are needed to produce 117 grams of sodium chloride, we
must follow a systematic approach:

1. Calculate the molar mass of sodium chloride (NaCl).
2. Determine the number of moles of NaCl in 117 grams.
3. Use the stoichiometric ratio to find the moles of Cl\(_2\) needed.
4. Convert moles of Cl\(_2\) into grams.

---

1. Molar Mass of Sodium Chloride

The molar mass of NaCl is calculated as:

- Sodium (Na): approximately 22.99 g/mol
- Chlorine (Cl): approximately 35.45 g/mol

\[
\text{Molar mass of NaCl} = 22.99 + 35.45 = 58.44 \, \mathrm{g/mol}
\]

---

2. Moles of Sodium Chloride in 117 grams

Number of moles (\(n\)) is calculated by dividing the mass of the substance by its molar mass:

\[
n_{\mathrm{NaCl}} = \frac{117 \, \mathrm{g}}{58.44 \, \mathrm{g/mol}} \approx 2.003 \, \mathrm{mol}
\]

Result: Approximately 2.003 mol of NaCl are produced.

---

3. Moles of Chlorine Gas Needed

From the balanced chemical equation:

\[ 2 \, \mathrm{Na} + \mathrm{Cl}_2 \rightarrow 2 \, \mathrm{NaCl} \]

- 2 moles of Na produce 2 moles of NaCl.



- 1 mole of Cl\(_2\) produces 2 moles of NaCl.

Therefore:

\[
\text{Moles of Cl}_2 = \frac{1}{2} \times \text{moles of NaCl}
\]

\[
n_{\mathrm{Cl}_2} = \frac{1}{2} \times 2.003 \approx 1.0015 \, \mathrm{mol}
\]

Interpretation: Approximately 1.0015 mol of chlorine gas is needed to produce 117 grams of sodium chloride.

---

4. Converting Moles of Cl\(_2\) to Grams

The molar mass of chlorine gas (\(\mathrm{Cl}_2\)) is:

\[
\text{Molar mass of } \mathrm{Cl}_2 = 2 \times 35.45 = 70.90 \, \mathrm{g/mol}
\]

Multiply by the number of moles:

\[
\text{Mass of Cl}_2 = 1.0015 \times 70.90 \approx 71.05 \, \mathrm{g}
\]

Final Answer: Approximately 71.05 grams of chlorine gas are needed to produce 117 grams of sodium chloride.

---

Additional Considerations

While the calculation provides a clear answer, practical applications may require attention to certain
factors:

- Purity of Reactants: Commercial chlorine gas may contain impurities, affecting the actual amount needed.
- Reaction Efficiency: Industrial processes may not reach 100% efficiency, requiring excess chlorine gas.
- Safety Precautions: Chlorine gas is toxic and corrosive; proper handling and safety measures are essential.
- Environmental Impact: Proper disposal and containment of chlorine gases are crucial to prevent environmental
hazards.

---

Features and Pros/Cons of the Stoichiometric Approach

Pros:
- Accuracy: Provides precise quantities based on balanced chemical equations.
- Predictive Power: Helps in scaling reactions for industrial or laboratory purposes.



- Educational Value: Reinforces understanding of molar ratios and chemical calculations.

Cons:
- Assumptions of Ideal Conditions: Real-world yields may vary due to inefficiencies.
- Requires Precise Data: Needs accurate molar masses and balanced equations.
- Not Accounting for Side Reactions: Other pathways might consume reactants, altering amounts needed.

---

Conclusion

Determining the amount of chlorine gas necessary to produce a given amount of sodium chloride is a fundamental
exercise in chemical stoichiometry. The process involves understanding the balanced chemical equation,
calculating molar quantities, and converting between moles and grams. For producing 117 grams of NaCl,
approximately 71.05 grams of chlorine gas are required under ideal conditions. This calculation exemplifies the
importance of molar ratios and emphasizes careful consideration of practical factors for real-world
applications. Whether in academic labs or industrial settings, mastering such calculations is essential for
efficient and safe chemical synthesis.
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