
If Pb 2(aq) Is Controlled By The Solubility Of
Pb(oh)2, What Pb 2(aq) Concentration Is
Expected If Ph=poh=7.00?
If Pb 2(aq) Is Controlled By The Solubility Of Pb(oh)2, What Pb 2(aq) Concentration Is
Expected If Ph=poh=7.00?

Understanding the solubility of lead hydroxide (Pb(OH)₂) in aqueous solutions is crucial in various
fields such as environmental chemistry, water treatment, and materials science. When the
concentration of lead ions (Pb²⁺) in solution is controlled by the solubility equilibrium of Pb(OH)₂,
calculating the expected Pb²⁺ concentration at a specific pH and pOH provides insights into lead
mobility, contamination levels, and potential health risks. This article explores how to determine the
Pb²⁺ concentration when pH and pOH are both 7.00, assuming Pb(OH)₂ solubility governs lead ion
levels.

---

Understanding the Basics: Solubility Equilibrium of
Pb(OH)₂

Before delving into calculations, it is essential to understand the fundamental principles governing
the solubility of lead hydroxide.

The Dissolution Reaction
Pb(OH)₂ dissolves in water according to the following equilibrium:

\[ \text{Pb(OH)}_2 (s) \rightleftharpoons \text{Pb}^{2+} (aq) + 2 \text{OH}^- (aq) \]

- Solid lead hydroxide (Pb(OH)₂) dissociates into lead ions (Pb²⁺) and hydroxide ions (OH⁻).
- The equilibrium constant for this dissociation is the solubility product, \( K_{sp} \).

Solubility Product Constant (Ksp)
The solubility product expression for Pb(OH)₂ is:

\[ K_{sp} = [\text{Pb}^{2+}] [\text{OH}^-]^2 \]

- This constant is temperature-dependent but typically provided at 25°C.
- For Pb(OH)₂, \( K_{sp} \) is approximately \( 1.2 \times 10^{-15} \).

---



Relating pH, pOH, and Hydroxide Concentration

Since pH and pOH are given as 7.00, their relationship with hydroxide and hydrogen ion
concentrations is fundamental.

The pH and pOH Relationship
- \( pH + pOH = 14.00 \) at 25°C.
- Given \( pH = pOH = 7.00 \), this confirms neutral conditions.

Hydroxide Ion Concentration
- The hydroxide ion concentration is calculated from pOH:

\[ [\text{OH}^-] = 10^{-\text{pOH}} = 10^{-7.00} = 1.0 \times 10^{-7} \, \text{M} \]

This value indicates a neutral aqueous solution, where hydroxide ions are at a very low
concentration.

---

Calculating the Pb²⁺ Concentration Under Solubility
Control

Given that Pb(OH)₂ controls the Pb²⁺ concentration, the solubility equilibrium dictates that:

\[ [\text{Pb}^{2+}] = \frac{K_{sp}}{[\text{OH}^-]^2} \]

Using the known \( K_{sp} \) and hydroxide concentration, we can compute the lead ion
concentration explicitly.

Step-by-Step Calculation
1. Identify the known values:

- \( K_{sp} = 1.2 \times 10^{-15} \)
- \( [\text{OH}^-] = 1.0 \times 10^{-7} \)

2. Plug into the solubility expression:

\[ [\text{Pb}^{2+}] = \frac{1.2 \times 10^{-15}}{(1.0 \times 10^{-7})^2} \]

3. Calculate the denominator:



\[ (1.0 \times 10^{-7})^2 = 1.0 \times 10^{-14} \]

4. Compute the Pb²⁺ concentration:

\[ [\text{Pb}^{2+}] = \frac{1.2 \times 10^{-15}}{1.0 \times 10^{-14}} = 0.12 \, \text{M} \]

---

Implications of the Result

The calculation indicates that when pH and pOH are both 7.00, the Pb²⁺ concentration in
equilibrium with Pb(OH)₂ is approximately 0.12 M. This is a relatively high concentration, suggesting
that under neutral conditions, the solubility of Pb(OH)₂ leads to significant lead ion presence.

Environmental and Safety Considerations
- Lead is a toxic heavy metal, and concentrations of 0.12 M (about 120 mM) are extremely
hazardous.
- In natural waters, such high concentrations are unlikely due to complexation, precipitation, and
other environmental factors.
- This calculation provides a theoretical maximum based on solubility, essential for understanding
potential risks.

Factors Affecting Actual Lead Concentration
- pH Variations: Changes in pH influence hydroxide ion concentration, thus impacting Pb²⁺ levels.
- Presence of Complexing Agents: Organic matter or other ions can form complexes with Pb²⁺,
reducing free ion concentration.
- Temperature: Higher temperatures can alter \( K_{sp} \), impacting solubility.
- Saturation and Precipitation: Additional lead sources or changes in solution conditions can shift
equilibrium.

---

Summary of Key Points

- The solubility of Pb(OH)₂ is governed by its \( K_{sp} \), which at 25°C is approximately \( 1.2
\times 10^{-15} \).
- When pH = pOH = 7.00, the hydroxide ion concentration is \( 1.0 \times 10^{-7} \) M.
- The Pb²⁺ concentration under these conditions, controlled solely by Pb(OH)₂ solubility, is
approximately 0.12 M.
- This theoretical value highlights the importance of pH in controlling lead solubility and mobility in
aqueous environments.
- Real-world conditions often lead to deviations due to complexation, temperature variations, and
other environmental factors.



---

Conclusion

Understanding the relationship between pH, pOH, and the solubility of lead hydroxide is vital for
assessing lead contamination risks in water systems. When the solution is neutral (pH = pOH =
7.00), the expected Pb²⁺ concentration, dictated by the solubility equilibrium, can be calculated
using the solubility product constant. The resulting concentration of approximately 0.12 M
demonstrates that lead can be quite soluble under these conditions, emphasizing the importance of
pH control in managing lead mobility and toxicity. For environmental safety and water quality
management, such calculations are fundamental tools in predicting and mitigating lead
contamination.

Frequently Asked Questions

What is the relationship between Pb²⁺ concentration and the
solubility of Pb(OH)₂ at pH 7.00?
At pH 7.00, the Pb²⁺ concentration is determined by the solubility product (Ksp) of Pb(OH)₂, where
the concentration depends on the hydroxide ion concentration, which is also 10⁻⁷ M at pH 7.00.

How do you calculate the Pb²⁺ concentration when Pb(OH)₂ is
controlling the equilibrium at pH 7.00?
You use the solubility product expression: Ksp = [Pb²⁺][OH⁻]². Since pOH = 7.00, [OH⁻] = 10⁻⁷ M.
Rearranging gives [Pb²⁺] = Ksp / [OH⁻]².

What is the value of the solubility product (Ksp) for Pb(OH)₂?
The Ksp for Pb(OH)₂ is approximately 1.2 × 10⁻ XV (depending on the source), which is used for
calculations involving its solubility at different pH levels.

Given pH = pOH = 7.00, what is the expected Pb²⁺
concentration in solution controlled by Pb(OH)₂?
Using the Ksp value and [OH⁻] = 10⁻⁷ M, the Pb²⁺ concentration is calculated as [Pb²⁺] = Ksp /
(10⁻⁷)². Substituting the Ksp value yields approximately 1.2 × 10⁻³ M.

Why is pH 7.00 considered a neutral condition for the
solubility of Pb(OH)₂?
Because at pH 7.00, the concentration of H⁺ and OH⁻ ions are equal (both 10⁻⁷ M), representing a
neutral environment where hydroxide-driven solubility equilibria are balanced.



How does changing pH affect the solubility of Pb(OH)₂ and
Pb²⁺ concentration?
An increase in pH (more alkaline) increases [OH⁻], which can decrease the solubility of Pb(OH)₂ by
shifting the equilibrium, while lowering pH (more acidic) decreases [OH⁻], potentially increasing
Pb²⁺ concentration due to reduced precipitation.

Additional Resources
Pb²⁺ (aq) concentration controlled by the solubility of Pb(OH)₂ at pH 7.00 is a fascinating topic that
combines principles of solubility equilibria, acid-base chemistry, and the solubility product constant
(Ksp). Understanding how the concentration of lead ions in aqueous solution is influenced by the
solubility of lead hydroxide provides insights into environmental chemistry, metallurgy, and
analytical chemistry. This article aims to thoroughly explore this scenario, elucidate the underlying
chemical principles, and provide a detailed calculation of the expected Pb²⁺ concentration at neutral
pH (pH = 7.00).

---

Fundamental Concepts Underlying the Problem

Solubility Equilibrium and the Solubility Product (Ksp)

The solubility of a sparingly soluble salt like Pb(OH)₂ in water is governed by the solubility
equilibrium:

\[ \text{Pb(OH)}_2 (s) \leftrightarrow \text{Pb}^{2+} (aq) + 2 \text{OH}^- (aq) \]

The equilibrium is characterized by the solubility product constant:

\[ K_{sp} = [\text{Pb}^{2+}] [\text{OH}^-]^2 \]

This constant is temperature-dependent but, at a given temperature (commonly 25°C), it remains
fixed for a specific salt.

---

pH, pOH, and Hydroxide Ion Concentration

pH and pOH are related via:

\[ pH + pOH = 14 \]



Given pH = 7.00 (neutral solution), the hydroxide ion concentration is:

\[ [\text{OH}^-] = 10^{-pOH} = 10^{-(14 - pH)} = 10^{-(14 - 7)} = 10^{-7} \, \text{M} \]

This hydroxide concentration directly influences the solubility of Pb(OH)₂ because higher OH⁻ levels
shift the equilibrium toward dissolution or precipitation depending on the conditions.

---

Calculating the Expected Pb²⁺ Concentration at pH 7.00

Step 1: Known Data

- pH = 7.00
- \( [\text{OH}^-] = 10^{-7} \, \text{M} \)
- \( K_{sp} \) for Pb(OH)₂ at 25°C: approximately \( 1.2 \times 10^{-15} \)

(Note: The actual \(K_{sp}\) may vary slightly depending on literature sources, but this value is
widely accepted.)

---

Step 2: Expressing the Equilibrium Concentrations

From the solubility equilibrium:

\[ K_{sp} = [\text{Pb}^{2+}] [\text{OH}^-]^2 \]

Rearranged to find [Pb²⁺]:

\[ [\text{Pb}^{2+}] = \frac{K_{sp}}{[\text{OH}^-]^2} \]

Since [OH⁻] is known at pH 7.00, we can substitute directly.

---

Step 3: Calculating [Pb²⁺]

\[ [\text{Pb}^{2+}] = \frac{1.2 \times 10^{-15}}{(10^{-7})^2} \]

\[ [\text{Pb}^{2+}] = \frac{1.2 \times 10^{-15}}{10^{-14}} = 1.2 \times 10^{-1} = 0.12 \,
\text{M} \]



This calculation indicates that, under ideal conditions, the concentration of Pb²⁺ in solution is
approximately 0.12 M when the hydroxide ion concentration is \( 10^{-7} \) M.

---

Discussion of the Result and Its Implications

Understanding the Significance of the Calculated Pb²⁺
Concentration

A Pb²⁺ concentration of approximately 0.12 M (or 120 mM) is quite high, suggesting that at neutral
pH, Pb(OH)₂ is only sparingly insoluble and can sustain a significant lead ion concentration in
solution. This has several important implications:

- Environmental Chemistry: Lead contamination in neutral or slightly alkaline waters might pose
risks if Pb(OH)₂ is the dominant solid phase controlling solubility.
- Precipitation and Remediation: Adjusting pH to alter hydroxide concentrations can influence lead
solubility, useful in water treatment.
- Toxicity Considerations: High Pb²⁺ levels at neutral pH underscore the need for careful
management of lead in natural waters.

---

Potential Discrepancies and Real-World Considerations

While the calculation provides a theoretical concentration, several factors could influence actual
lead levels:

- Complexation: Lead can form complexes with other ions (e.g., carbonate, chloride), reducing free
Pb²⁺ concentrations.
- Ksp Variability: Temperature fluctuations affect Ksp, altering solubility.
- Kinetic Factors: Slow dissolution kinetics may prevent the system from reaching equilibrium
immediately.
- Presence of Organic Matter: Can bind lead, affecting free ion concentrations.

---

Features, Pros, and Cons of This Approach

Features:

- Uses fundamental equilibrium principles to predict ion concentrations.



- Relies on well-established constants like Ksp and pH to derive results.
- Offers a straightforward method to estimate solubility limits under controlled conditions.

Pros:

- Simple and quick calculation method.
- Provides insight into how pH influences solubility.
- Useful for designing experiments or understanding environmental phenomena.

Cons:

- Assumes ideal conditions; ignores complexation and other interactions.
- Relies on literature values for Ksp, which may vary with temperature.
- Does not account for kinetic limitations or non-equilibrium states.

---

Conclusion and Broader Perspectives

Understanding the relationship between the solubility of Pb(OH)₂ and the concentration of Pb²⁺ ions
at a given pH is crucial for environmental chemistry, water treatment, and toxicology. The
calculation demonstrates that at pH 7.00, the solubility limit corresponds to a Pb²⁺ concentration of
approximately 0.12 M, highlighting the importance of pH control in managing lead solubility and
mobility. While the theoretical framework provides valuable insights, real-world scenarios often
involve additional complexities such as complex formation, kinetics, and varying environmental
conditions. Therefore, this calculation serves as a foundational approximation, guiding further
investigation and practical applications.

In summary, controlling pH and understanding solubility equilibria are vital for predicting and
managing lead behavior in aqueous systems. The ability to estimate Pb²⁺ concentrations based on
solubility principles is an essential tool for chemists, environmental scientists, and engineers
working to mitigate lead contamination and protect ecological and human health.
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