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Titration is a fundamental technique in analytical chemistry used to determine the concentration of an
unknown solution by reacting it with a solution of known concentration. In this scenario, we aim to
find out how many milliliters of 0.100 M sodium hydroxide (NaOH) are required to completely
neutralize 20.0 mL of 0.100 M sulfuric acid (H₂SO₄). To accurately perform this calculation,
understanding the chemical reaction and balanced equation is essential.

Understanding the Titration Process

Titration involves adding a titrant (NaOH in this case) to a analyte (H₂SO₄) until the reaction reaches
the equivalence point, the stage at which the reactants are present in exact stoichiometric amounts.
The key to solving this problem lies in the stoichiometry of the reaction between NaOH and H₂SO₄.

Balanced Chemical Equation

The reaction between sulfuric acid and sodium hydroxide is a typical acid-base neutralization:

H₂SO₄ + 2 NaOH → Na₂SO₄ + 2 H₂O

This balanced equation indicates:

- 1 mole of sulfuric acid reacts with 2 moles of sodium hydroxide.
- The reaction produces sodium sulfate and water.

Step-by-Step Calculation

To find out how much NaOH is needed, follow these steps:

1. Calculate moles of sulfuric acid (H₂SO₄)

Given:

- Volume of H₂SO₄ = 20.0 mL = 0.0200 L



- Concentration of H₂SO₄ = 0.100 M

Number of moles:

\[ \text{moles H₂SO₄} = \text{concentration} \times \text{volume} \]

\[ = 0.100\, \text{mol/L} \times 0.0200\, \text{L} = 0.00200\, \text{mol} \]

2. Determine moles of NaOH required

From the balanced equation, 1 mole of H₂SO₄ reacts with 2 moles of NaOH. Therefore:

\[ \text{moles NaOH} = 2 \times \text{moles H₂SO₄} \]

\[ = 2 \times 0.00200\, \text{mol} = 0.00400\, \text{mol} \]

3. Calculate the volume of NaOH solution needed

Given:

- Concentration of NaOH = 0.100 M

Using the molarity formula:

\[ \text{volume NaOH} = \frac{\text{moles NaOH}}{\text{concentration}} \]

\[ = \frac{0.00400\, \text{mol}}{0.100\, \text{mol/L}} = 0.0400\, \text{L} \]

Convert to milliliters:

\[ 0.0400\, \text{L} \times 1000\, \text{mL/L} = 40.0\, \text{mL} \]

Final Answer

You will need 40.0 mL of 0.100 M NaOH to titrate 20.0 mL of 0.100 M H₂SO₄.

Additional Considerations

While the calculation seems straightforward, practical titration involves factors such as:

- Indicator Choice: Phenolphthalein is commonly used, changing color at a pH around 8.3, near the
equivalence point.
- Precision: Accurate measurement of solution volumes and concentrations enhances reliability.



- Reaction Completeness: Ensuring thorough mixing and proper endpoint detection.

Understanding the Chemistry Behind The Calculation

Delving deeper into the chemistry provides insights into why the calculation is as it is:

The Role of Stoichiometry in Titration

Stoichiometry involves the quantitative relationships between reactants and products in a balanced
chemical reaction. Here, it defines the exact amount of NaOH needed to neutralize a given amount of
H₂SO₄. The mole ratio from the balanced equation directly informs the calculation.

Factors Affecting Titration Accuracy

- Solution Concentration: Slight deviations can lead to significant errors.
- Volumetric Measurement: Use of calibrated burettes and pipettes ensures precise volume
measurement.
- Endpoint Detection: Clear color change with indicator minimizes titration errors.

Practical Applications of Titration

Understanding titration calculations is vital for various fields:

- Environmental Chemistry: Measuring pollutant concentrations.
- Pharmaceuticals: Ensuring proper drug formulations.
- Food Industry: Determining acidity levels.
- Industrial Processes: Quality control and process optimization.

Summary

To sum up, calculating the volume of NaOH required for titration involves:

- Recognizing the reaction and its stoichiometry.
- Calculating moles of the known solution.
- Applying the molar ratio from the balanced equation.
- Using molarity to find the volume needed.

In this specific case, 40.0 mL of 0.100 M NaOH is necessary to neutralize 20.0 mL of 0.100 M H₂SO₄.



Conclusion

Mastering titration calculations is essential for precise chemical analysis. Understanding the reaction
stoichiometry and applying it methodically allows chemists to determine unknown concentrations and
perform quality assessments across various industries. Remember, accuracy in measurement and a
good grasp of the chemical principles underpinning titration are key to successful analytical practices.

---

Meta Description: Learn how to calculate the volume of 0.100 M NaOH needed to titrate 20.0 mL of
0.100 M H₂SO₄ using balanced equations, step-by-step calculations, and practical insights for accurate
titration.

Frequently Asked Questions

What is the balanced chemical equation for the reaction
between NaOH and H₂SO₄?
The balanced equation is 2 NaOH + H₂SO₄ → Na₂SO₄ + 2 H₂O.

How do you determine the volume of NaOH required to titrate
a given volume of H₂SO₄?
Use the molarity and volume relationship from the balanced equation: (M₁V₁) = (M₂V₂), adjusting for
the mole ratio.

What is the molar ratio of NaOH to H₂SO₄ in the reaction?
The molar ratio is 2:1, meaning 2 moles of NaOH react with 1 mole of H₂SO₄.

How many moles of H₂SO₄ are present in 20.0 mL of 0.100 M
solution?
Moles of H₂SO₄ = Molarity × Volume (in liters) = 0.100 mol/L × 0.020 L = 0.002 mol.

How many moles of NaOH are needed to react with 0.002 mol
of H₂SO₄?
Since the ratio is 2:1, moles of NaOH needed = 2 × 0.002 mol = 0.004 mol.

What volume of 0.100 M NaOH is required to provide 0.004
mol of NaOH?
Volume of NaOH = Moles / Molarity = 0.004 mol / 0.100 mol/L = 0.040 L or 40.0 mL.



What is the final answer to how many mL of 0.100 M NaOH is
needed to titrate 20.0 mL of 0.100 M H₂SO₄?
40.0 mL of 0.100 M NaOH is needed to titrate 20.0 mL of 0.100 M H₂SO₄.

Additional Resources
Titration Calculations: Determining the Volume of 0.100 M NaOH Needed to Titrate 20.0 mL of 0.100
M H₂SO₄

Understanding titration is fundamental in analytical chemistry, especially when quantifying unknown
concentrations or preparing solutions with precise molarity. In this comprehensive guide, we explore
the detailed process of calculating how many milliliters of 0.100 M sodium hydroxide (NaOH) are
required to completely neutralize a given volume of sulfuric acid (H₂SO₄) of the same molarity. This
involves analyzing the balanced chemical equation, understanding molarity, and applying
stoichiometric principles for an accurate and reliable result.

---

Introduction to Titration and Its Importance

Titration is an essential laboratory technique used to determine the concentration of an unknown
solution by reacting it with a solution of known concentration. It is widely employed in various
fields—pharmaceuticals, environmental testing, food industry, and chemical manufacturing—to
ensure quality, safety, and compliance.

In the context of this problem, the goal is to find the volume of NaOH solution needed to neutralize a
fixed volume of sulfuric acid. This process is based on the principle of molarity (moles of solute per
liter of solution) and the stoichiometry of the chemical reaction involved.

---

Understanding the Chemical Reaction

Balanced Chemical Equation

The first step in any titration calculation is to analyze the chemical equation to understand the molar
relationships between reactants. For sulfuric acid reacting with sodium hydroxide, the balanced
chemical equation is:

\[ \mathrm{H_2SO_4 + 2\,NaOH \rightarrow Na_2SO_4 + 2\,H_2O} \]

Key points:



- 1 mole of sulfuric acid reacts with 2 moles of sodium hydroxide.
- The reaction proceeds in a 1:2 molar ratio.

This ratio is critical in determining how much NaOH is needed to neutralize a given amount of H₂SO₄.

---

Calculating Moles of H₂SO₄

Given data:

- Volume of H₂SO₄ solution (V₁): 20.0 mL
- Molarity of H₂SO₄ (M₁): 0.100 M

Step 1: Convert volume to liters

Since molarity is expressed in moles per liter:

\[
V_1 = 20.0\, \text{mL} = 0.0200\, \text{L}
\]

Step 2: Calculate moles of H₂SO₄

\[
\text{Moles of H}_2\text{SO}_4 = M_1 \times V_1 = 0.100\, \text{mol/L} \times 0.0200\, \text{L} =
0.00200\, \text{mol}
\]

This is the amount of sulfuric acid present in the solution that needs to be neutralized.

---

Determining Moles of NaOH Required

From the balanced chemical equation, the molar ratio of NaOH to H₂SO₄ is 2:1:

\[
\text{Moles of NaOH} = 2 \times \text{Moles of H}_2\text{SO}_4
\]

Calculating:

\[
\text{Moles of NaOH} = 2 \times 0.00200\, \text{mol} = 0.00400\, \text{mol}
\]



This is the total amount of NaOH needed to completely react with the sulfuric acid.

---

Calculating the Volume of NaOH Solution Needed

Given that the molarity of NaOH (M₂) is 0.100 M, and knowing the moles required, we can now
determine the volume:

\[
V_2 = \frac{\text{Moles of NaOH}}{M_2}
\]

\[
V_2 = \frac{0.00400\, \text{mol}}{0.100\, \text{mol/L}} = 0.0400\, \text{L}
\]

Convert liters to milliliters:

\[
V_2 = 0.0400\, \text{L} \times 1000\, \text{mL/L} = 40.0\, \text{mL}
\]

Result: Approximately 40.0 mL of 0.100 M NaOH are needed to neutralize 20.0 mL of 0.100 M H₂SO₄.

---

Summary of the Calculation Process

- Convert initial solution volume to liters.
- Calculate moles of the analyte (H₂SO₄).
- Use the molar ratio from the balanced equation to find moles of titrant (NaOH).
- Convert moles of titrant to volume using its molarity.

This systematic approach ensures accuracy and is fundamental in quantitative analytical chemistry.

---

Additional Insights and Considerations

Role of Concentration and Volume



In titration, both the concentration and volume are critical factors. Even slight deviations in molarity
can significantly alter the required titrant volume, especially in dilute solutions. Precise
measurements and calibrated equipment are essential for reliable results.

Limitations and Common Pitfalls

- Impure reagents: Contaminants can skew results.
- Inaccurate measurements: Using uncalibrated pipettes or burettes affects precision.
- Incomplete reactions: Ensuring thorough mixing and proper endpoint detection (e.g., color change
indicators) is vital.
- Temperature effects: Some reactions are temperature-sensitive; perform titrations at controlled
temperatures when possible.

Practical Tips for Accurate Titration

- Use a standardized solution of NaOH to ensure consistent molarity.
- Add the titrant slowly near the endpoint to avoid overshooting.
- Use appropriate indicators (e.g., phenolphthalein for strong acid-strong base titrations).
- Record multiple titrations to obtain an average volume for increased accuracy.

---

Conclusion

Calculating the volume of NaOH needed to titrate sulfuric acid involves a clear understanding of the
chemical reaction, precise stoichiometric calculations, and meticulous laboratory practice. In this
specific case, 40.0 mL of 0.100 M NaOH is required to neutralize 20.0 mL of 0.100 M H₂SO₄, based on
the molar ratio established by the balanced equation.

This detailed approach not only ensures accurate results but also reinforces fundamental concepts in
chemical analysis, making it an invaluable skill for students, researchers, and professionals alike.
Whether for academic purposes, quality control, or research, mastering titration calculations is a
cornerstone of quantitative chemistry.

---

Disclaimer: Always calibrate your equipment and verify the purity and concentration of your reagents
before conducting titrations for critical applications.
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