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Suppose That 42.4ml Of A Saturated Solution Of Group 2 Hydroxide Was Titrated
To The Endpoint. It Requires an in-depth understanding of titration
processes, the chemistry of Group 2 hydroxides, and how to calculate unknown
concentrations based on titration data. This article aims to explore the
detailed steps involved in such a titration, the principles underlying the
calculations, and the significance of the results. Whether you are a student
preparing for exams or a chemistry enthusiast seeking to deepen your
knowledge, this comprehensive guide will provide clarity on the topic.

---

Understanding the Basics: Group 2 Hydroxides
and Titration

What Are Group 2 Hydroxides?
Group 2 hydroxides, also known as alkaline earth metal hydroxides, are
compounds formed when Group 2 metals (beryllium, magnesium, calcium,
strontium, barium, and radium) combine with hydroxide ions. These hydroxides
are generally insoluble or sparingly soluble in water, leading to saturated
solutions that contain the maximum amount of dissolved hydroxide ions at a
given temperature.

Some common Group 2 hydroxides include:
- Magnesium hydroxide (Mg(OH)₂)
- Calcium hydroxide (Ca(OH)₂)
- Barium hydroxide (Ba(OH)₂)

These compounds are important in various industrial applications, including
water treatment, medicine, and chemical manufacturing.

What Is Titration?
Titration is a laboratory technique used to determine the concentration of an
unknown solution by adding a volume of a solution of known concentration
until the reaction reaches its endpoint. The endpoint signifies that the
reaction has nearly or completely finished, often indicated by a color change
using a suitable indicator.

In the context of Group 2 hydroxide, titration is often used to determine the
concentration of an unknown hydroxide solution, or to analyze the purity of a
sample.

---



Details of the Titration Process

Step-by-Step Procedure
1. Prepare the saturated solution of Group 2 hydroxide and measure a precise
volume (in this case, 42.4 ml).
2. Fill a burette with a standard solution of a strong acid, such as
hydrochloric acid (HCl), with a known concentration.
3. Add a few drops of an appropriate indicator (e.g., methyl orange or
phenolphthalein) that changes color at the endpoint.
4. Slowly titrate the hydroxide solution with the acid until the indicator
signals the endpoint.
5. Record the volume of acid used to reach this point.

Understanding the Data
- Volume of hydroxide solution: 42.4 ml
- Concentration of titrant (acid): known (e.g., 0.1 M HCl)
- Volume of acid used: recorded during titration
- Endpoint: the point at which the solution changes color, indicating
neutralization

---

Calculations Involved in the Titration

Key Concepts
The main goal is to determine the concentration of the saturated Group 2
hydroxide solution based on the titration data. The fundamental principle
relies on the stoichiometry of the neutralization reaction.

The general reaction between a Group 2 hydroxide (M(OH)₂) and hydrochloric
acid (HCl) is:

\[ \mathrm{M(OH)_2 + 2HCl \rightarrow MCl_2 + 2H_2O} \]

This indicates a 1:2 molar ratio between hydroxide ions and acid molecules.

Calculating Moles of Acid Used
Suppose the titration data shows:
- Volume of HCl used: \( V_{acid} \) ml
- Concentration of HCl: \( C_{acid} \) mol/l

Then, the moles of HCl used:

\[ n_{HCl} = C_{acid} \times \frac{V_{acid}}{1000} \]

Since the molar ratio of hydroxide to acid is 1:2:



\[ n_{OH^-} = \frac{n_{HCl}}{2} \]

Calculating the Concentration of the Hydroxide
Solution
The moles of hydroxide in the 42.4 ml sample:

\[ n_{OH^-} = C_{OH^-} \times \frac{V_{OH^-}}{1000} \]

Where:
- \( C_{OH^-} \) = concentration of the hydroxide solution (unknown)
- \( V_{OH^-} \) = 42.4 ml

Rearranged to find \( C_{OH^-} \):

\[ C_{OH^-} = \frac{n_{OH^-} \times 1000}{V_{OH^-}} \]

Substituting \( n_{OH^-} \):

\[ C_{OH^-} = \frac{\frac{n_{HCl}}{2} \times 1000}{V_{OH^-}} \]

The calculations allow us to determine the molarity of the saturated
hydroxide solution.

---

Significance of the Titration Data

Determining Molarity of the Hydroxide Solution
By carefully measuring the volume of acid used to neutralize the hydroxide,
and knowing the acid's concentration, chemists can precisely calculate the
hydroxide's molarity. This is essential for:
- Quality control in manufacturing,
- Purity analysis,
- Preparing solutions of desired concentration.

Understanding Saturated Solutions
Since the solution is saturated, its concentration reflects the solubility of
the Group 2 hydroxide at a specific temperature. The titration helps confirm
the solubility product (Ksp) for the compound and provides insights into its
behavior in aqueous solutions.

Applications of the Data
- Calculating molar solubility,
- Estimating Ksp of the hydroxide,
- Analyzing the purity of the sample,
- Designing industrial processes involving Group 2 hydroxides.

---



Practical Considerations and Tips for Accurate
Titration

Ensuring Precision
- Use calibrated burettes and pipettes.
- Mix solutions thoroughly before titration.
- Add the titrant slowly near the endpoint to avoid overshooting.
- Use a consistent indicator suitable for the pH range of the titration.

Common Indicators for Hydroxide Titration
- Phenolphthalein: changes from pink to colorless around pH 8.3, suitable for
strong acid-strong base titrations.
- Methyl orange: changes from yellow to orange/red around pH 3.1-4.4, more
suitable for strong acid-weak base titrations.

Dealing with Saturated Solutions
- Ensure the solution is truly saturated and at equilibrium.
- Filter solutions to remove undissolved solids if necessary.
- Maintain constant temperature to ensure consistent solubility.

---

Conclusion and Summary
Titration of a saturated solution of Group 2 hydroxide to the endpoint is a
fundamental technique in analytical chemistry for determining solution
concentration and understanding solubility behavior. By carefully measuring
the volume of titrant used and applying stoichiometry, chemists can
accurately calculate the molarity of the hydroxide solution. This process not
only aids in quality control but also provides insights into the chemical
properties of alkaline earth metal hydroxides.

Understanding these concepts equips students and professionals with the tools
necessary to interpret titration data effectively, optimize industrial
processes, and contribute to advancements in chemistry and related fields.

---
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Frequently Asked Questions

What is the significance of titrating a saturated



solution of Group 2 hydroxide to the endpoint?

Titrating a saturated solution to the endpoint helps determine the exact
concentration of hydroxide ions in the solution, which is useful for
calculating molarities and understanding solution properties.

How do you calculate the molarity of Group 2
hydroxide from the titration data?

By using the volume of titrant used to reach the endpoint and its
concentration, applying the formula M₁V₁ = M₂V₂, where M and V are molarity
and volume, you can find the molarity of the hydroxide solution.

What is the typical titrant used for titrating Group
2 hydroxide solutions?

A common titrant is a standard acid such as hydrochloric acid (HCl), which
reacts with hydroxide ions to form water and a salt, allowing for endpoint
detection.

Why is it important to know the volume of 42.4 mL in
titration calculations?

The volume (42.4 mL) provides the initial amount of the saturated hydroxide
solution, which is essential for calculating the concentration and
understanding the solution's molar ratio during titration.

What does reaching the endpoint indicate in a
titration of Group 2 hydroxide?

The endpoint indicates that the stoichiometric amount of titrant has reacted
with all the hydroxide ions present, signifying the completion of the
titration and allowing for concentration calculations.

How does the saturation level of the hydroxide
solution affect titration results?

A saturated solution contains the maximum amount of dissolved hydroxide ions,
which can influence the titration by potentially affecting the reaction's
accuracy and the volume of titrant needed to reach the endpoint.

Additional Resources
Suppose That 42.4 ml Of A Saturated Solution Of Group 2 Hydroxide Was
Titrated To The Endpoint. It Requires

---

Introduction

Titration is a fundamental laboratory technique widely used in analytical
chemistry to determine the concentration of an unknown solution. In the
context of Group 2 hydroxides—namely magnesium hydroxide (Mg(OH)₂), calcium



hydroxide (Ca(OH)₂), strontium hydroxide (Sr(OH)₂), and barium hydroxide
(Ba(OH)₂)—titration plays a critical role in understanding their solubility,
molarity, and reactive properties.

This article explores a hypothetical yet instructive scenario: Suppose That
42.4 ml Of A Saturated Solution Of Group 2 Hydroxide Was Titrated To The
Endpoint. It Requires—and delves into the detailed chemical principles,
calculations, and implications of such an experiment. By dissecting this
case, we aim to shed light on the underlying chemistry, experimental
procedures, and interpretative strategies that underpin titrations involving
Group 2 hydroxides.

---

Background: Chemistry of Group 2 Hydroxides

Group 2 elements, also known as alkaline earth metals, form hydroxides that
are moderately soluble in water, with solubility decreasing down the group:

| Element | Solubility Product (Ksp) | Solubility (mol/L) at 25°C |
|---------|--------------------------|----------------------------|
| Mg(OH)₂ | ~1.8 × 10⁻¹¹ | ~6.0 × 10⁻³ |
| Ca(OH)₂ | ~5.5 × 10⁻⁶ | ~0.02 |
| Sr(OH)₂ | ~3.2 × 10⁻⁴ | ~0.1 |
| Ba(OH)₂ | ~2.0 × 10⁻⁴ | ~0.2 |

This solubility influences the composition of saturated solutions, which
contain equilibrium amounts of hydroxide ions (OH⁻) and metal cations (M²⁺).
These solutions are often used in titration experiments to determine molar
concentrations, particularly via acid-base reactions.

---

Scenario Breakdown: The Titration Setup

In our scenario, a saturated solution of a Group 2 hydroxide, with an unknown
concentration, has a volume of 42.4 mL. The solution is titrated to the
endpoint with a standard acid—often hydrochloric acid (HCl)—to determine its
molarity or to analyze its properties.

The key question is: What is the amount of acid required to neutralize this
hydroxide solution, and what does this tell us about the solution's
concentration?

---

Experimental Considerations

1. Choice of Titrant

Typically, the titrant is a standard solution of HCl with a known molarity
(e.g., 0.1 M). The reaction with hydroxide is:

\[ \mathrm{M(OH)_2} + 2\ \mathrm{HCl} \rightarrow \mathrm{MCl_2} + 2\
\mathrm{H_2O} \]

This reaction indicates that 1 mol of Group 2 hydroxide reacts with 2 mol of
HCl.



2. Endpoint Detection

The endpoint is usually determined using a suitable indicator, such as methyl
orange or phenolphthalein, which change color at the equivalence point. For
hydroxide titrations, phenolphthalein is common, turning from pink to
colorless upon neutralization.

3. Titration Procedure

- Pipette a known volume (42.4 mL) of the saturated hydroxide solution into a
conical flask.
- Add a few drops of indicator.
- Titrate with standardized HCl until the endpoint is reached.
- Record the volume of acid used.

---

Quantitative Analysis

Suppose that the titration requires V mL of a 0.1 M HCl solution to reach the
endpoint.

The number of moles of HCl used:

\[
n_{\mathrm{HCl}} = C_{\mathrm{HCl}} \times V_{\mathrm{HCl}}
\]

where

- \( C_{\mathrm{HCl}} = 0.1\, \mathrm{mol/L} \)
- \( V_{\mathrm{HCl}} = \text{volume used in liters} \)

From the stoichiometry:

\[
\mathrm{M(OH)_2} + 2\ \mathrm{HCl} \rightarrow \mathrm{MCl_2} + 2\
\mathrm{H_2O}
\]

Therefore, moles of hydroxide:

\[
n_{\mathrm{M(OH)_2}} = \frac{1}{2} \times n_{\mathrm{HCl}}
\]

The molarity of the hydroxide solution:

\[
C_{\mathrm{M(OH)_2}} = \frac{n_{\mathrm{M(OH)_2}}}{V_{\text{sample}}}
\]

where \( V_{\text{sample}} = 42.4\, \mathrm{mL} = 0.0424\, \mathrm{L} \).

---

Implications of the Saturated Solution

A saturated solution of Group 2 hydroxide contains the maximum dissolved



amount of hydroxide ions in equilibrium with solid hydroxide. Its molarity
depends on the solubility product (Ksp) and temperature.

For example:

- The molar solubility of Ca(OH)₂ is approximately 0.02 mol/L.
- The hydroxide ion concentration in a saturated Ca(OH)₂ solution is roughly
0.04 mol/L (since each formula unit produces 2 OH⁻ ions).

In practice, the molarity of the saturated solution provides a baseline to
compare against the titration result, revealing whether the solution is truly
saturated or has been diluted.

---

Theoretical Calculations and Expected Outcomes

Suppose during the titration, 25.0 mL of 0.1 M HCl is used to neutralize the
42.4 mL of the hydroxide solution.

Calculations:

1. Moles of HCl:

\[
n_{\mathrm{HCl}} = 0.1\, \mathrm{mol/L} \times 0.025\, \mathrm{L} = 2.5
\times 10^{-3}\, \mathrm{mol}
\]

2. Moles of hydroxide:

\[
n_{\mathrm{M(OH)_2}} = \frac{1}{2} \times 2.5 \times 10^{-3} = 1.25 \times
10^{-3}\, \mathrm{mol}
\]

3. Molarity of hydroxide:

\[
C_{\mathrm{M(OH)_2}} = \frac{1.25 \times 10^{-3}\, \mathrm{mol}}{0.0424\,
\mathrm{L}} \approx 0.0295\, \mathrm{mol/L}
\]

This suggests that the hydroxide concentration in the saturated solution is
approximately 0.03 mol/L, which aligns with the solubility data for calcium
hydroxide.

---

Interpreting the Results: What Does It Mean?

- If the calculated molarity exceeds known solubility limits, the solution
may be oversaturated, possibly due to precipitation or experimental error.
- If it aligns with expected solubility data, it confirms the solution's
saturation status and validates the titration method.
- The volume of acid used provides insights into the molar concentration and
purity of the hydroxide solution.

---



Broader Context and Applications

Understanding the titration of Group 2 hydroxides has significant industrial
and environmental relevance:

- Water Treatment: Lime (calcium hydroxide) is used to neutralize acidic
waters.
- Agriculture: Lime amendments adjust soil pH.
- Pharmaceuticals: Preparation of hydroxide solutions for various
applications.
- Research: Determination of solubility products and hydroxide ion activity.

Furthermore, precise titration data contribute to developing models for
solubility equilibria, reaction kinetics, and thermodynamic calculations.

---

Limitations and Challenges

- Impurities: Contaminants or impurities in the hydroxide can skew results.
- Temperature Dependence: Solubility and Ksp are temperature-sensitive;
experiments must be conducted under controlled conditions.
- Indicator Selection: Incorrect indicator choice can lead to inaccurate
endpoint detection.
- Saturation Assumption: Real solutions may not be perfectly saturated or may
contain undissolved solids affecting molarity calculations.

---

Conclusion

The scenario of titrating 42.4 mL of a saturated Group 2 hydroxide solution
exemplifies key principles in analytical chemistry and solubility equilibria.
Through careful stoichiometric calculations, understanding of solubility
properties, and meticulous experimental procedures, chemists can determine
the concentration of hydroxide solutions and infer their purity and
saturation status.

Such titrations not only deepen our comprehension of the properties of
alkaline earth metal hydroxides but also underpin practical applications
across industry, environmental management, and scientific research. By
examining this hypothetical case, we reinforce the importance of precision,
theoretical knowledge, and contextual awareness in chemical analysis.

---
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