
Calculate The Solubility Of Lead(II) Iodide,
PbI2, In 0.025 M KI. Ksp(PbI2) = 7.910^-9A.
4.5 10-2 MB.
Calculate The Solubility Of Lead(II) Iodide, PbI2, In 0.025 M KI. Ksp(PbI2) = 7.910^-9A. 4.5
10-2 MB.

Understanding the solubility of lead(II) iodide (PbI2) in various solutions is crucial in fields such as
chemistry, environmental science, and materials engineering. When dealing with solutions like
potassium iodide (KI), the solubility behavior of PbI2 can significantly change due to common ion
effects. This article provides a comprehensive guide on how to calculate the solubility of PbI2 in a
0.025 M KI solution, considering the influence of the iodide ion concentration, and explains the
underlying principles involved in these calculations.

Introduction to Lead(II) Iodide and Its Solubility

Lead(II) iodide (PbI2) is an inorganic compound known for its bright yellow color and interesting
crystallographic properties. Its solubility in water is relatively low, making it a classic example for
studying solubility equilibria in chemistry.

Key Points about PbI2:
- Chemical formula: PbI2
- Solubility product constant (Ksp): 7.9 x 10^-9
- Common uses include applications in photography, detectors, and as a semiconductor material.

The solubility of PbI2 is governed by its equilibrium with its ions in solution:

PbI2(s) ⇌ Pb²⁺(aq) + 2 I⁻(aq)

The solubility product constant, Ksp, quantifies the extent to which PbI2 dissolves in water under
equilibrium conditions.

Effect of Common Ions on Solubility: The Role of
Potassium Iodide (KI)

Adding KI to the solution introduces a high concentration of iodide ions (I⁻), which impacts the
solubility of PbI2 through a phenomenon called the common ion effect.

What is the common ion effect?
- It occurs when an ion that is part of the equilibrium already exists in the solution.
- It suppresses the dissolution of a sparingly soluble salt because of Le Chatelier's principle.
- In this context, the iodide ions from KI decrease the solubility of PbI2 because they shift the



equilibrium to favor the solid form.

Implications for PbI2:
- The increased I⁻ concentration from KI reduces the amount of PbI2 that can dissolve.
- Calculating this new solubility requires understanding how the equilibrium shifts in the presence of
excess I⁻.

Calculating the Solubility of PbI2 in 0.025 M KI Solution

To determine the solubility, we need to analyze the equilibrium in the presence of a known iodide ion
concentration.

Step 1: Write the Dissolution Equilibrium

PbI2(s) ⇌ Pb²⁺(aq) + 2 I⁻(aq)

Step 2: Express the Solubility (s)

- Let s = molar solubility of PbI2 in mol/L.
- At equilibrium:
- [Pb²⁺] = s
- [I⁻] = 2s + [I⁻]_initial

Since the solution already contains 0.025 M KI, which provides [I⁻]_initial = 0.025 M, the total iodide
concentration becomes:

[I⁻] = 2s + 0.025

Step 3: Write the Expression for Ksp

Ksp = [Pb²⁺][I⁻]^2

Substituting the known values:

7.9 x 10^-9 = s (2s + 0.025)^2

This is a quadratic equation in terms of s, which can be solved to find the solubility.

Step 4: Solve the Equation

Expanding the expression:

7.9 x 10^-9 = s (4s² + 2 2s 0.025 + 0.025²)

Simplify:

7.9 x 10^-9 = s (4s² + 0.1s + 0.000625)

Distribute s:



7.9 x 10^-9 = 4s³ + 0.1s² + 0.000625s

Rearranged as a cubic:

4s³ + 0.1s² + 0.000625s - 7.9 x 10^-9 = 0

Step 5: Approximate the Solution

Given the small magnitude, s is expected to be very small, so we can try to approximate:

Assuming the dominant term is 0.000625s, the equation simplifies to:

0.000625s ≈ 7.9 x 10^-9

Solve for s:

s ≈ (7.9 x 10^-9) / 0.000625 ≈ 1.264 x 10^-5 M

This estimate indicates that the solubility of PbI2 in 0.025 M KI is approximately 1.26 x 10^-5 mol/L.

Understanding the Results and Implications

Key takeaways from the calculation:
- The solubility of PbI2 decreases significantly in the presence of iodide ions due to the common ion
effect.
- In pure water, the solubility would be higher, but the addition of KI suppresses dissolution.
- The approximate solubility in 0.025 M KI solution is about 1.26 x 10^-5 mol/L, illustrating how
complex equilibria influence solubility.

Practical implications:
- When designing experiments involving PbI2, the presence of iodide ions must be considered.
- In environmental contexts, iodide concentrations can affect lead contamination assessments.
- In industrial processes, controlling iodide levels can optimize PbI2 recovery or prevent unwanted
precipitation.

Additional Factors Affecting PbI2 Solubility

While the primary focus here is on the impact of iodide ions, several other factors can influence PbI2
solubility:

1. Temperature:
- Solubility typically increases with temperature for many salts, but specific data for PbI2 should be
considered.
2. pH of the solution:
- Although PbI2 is relatively insoluble, extreme pH conditions can influence solubility through complex
formation.



3. Presence of complexing agents:
- Other ions or molecules that bind to lead or iodine can alter solubility.

Conclusion: How to Accurately Calculate PbI2 Solubility
in Iodide-Rich Solutions

The process outlined demonstrates that calculating the solubility of PbI2 in solutions containing
common ions like iodide involves understanding the dissolution equilibrium, the impact of the
common ion effect, and the appropriate algebraic methods to solve the resulting equations. By
considering the initial concentration of iodide from KI and applying the Ksp expression, we can
estimate the solubility with reasonable accuracy.

Summary of key points:
- The solubility of PbI2 decreases in the presence of iodide ions.
- The typical approach involves setting up the equilibrium expression and solving a cubic or quadratic
equation.
- Approximate solutions are often sufficient, especially when the solubility is very low.

This knowledge is essential for chemists working with lead iodide in laboratory, industrial, or
environmental settings. By mastering these calculations, professionals can predict solubility behavior,
optimize processes, and assess environmental risks effectively.

References and Further Reading
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- NIST Chemistry WebBook for thermodynamic data.
- Research articles on lead halide solubility and complex formation.
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By understanding these concepts, students, researchers, and industry professionals can accurately
determine the solubility of PbI2 in various chemical environments, leveraging this knowledge for
scientific and practical applications.

Frequently Asked Questions



What is the solubility of lead(II) iodide (PbI2) in a 0.025 M KI
solution?
The solubility of PbI2 in 0.025 M KI is approximately 4.5 × 10⁻² M, considering the common ion effect
and the given Ksp value.

How does the presence of KI affect the solubility of PbI2?
KI provides additional I⁻ ions, which suppress the dissolution of PbI2 due to the common ion effect,
reducing its solubility compared to pure water.

What is the significance of the Ksp value (7.9 × 10⁻⁹) in
calculating PbI2 solubility?
Ksp indicates the solubility product constant, representing the maximum product of ion
concentrations at equilibrium, which is used to calculate the solubility of PbI2.

How do you set up the solubility equilibrium expression for
PbI2 in the presence of KI?
The equilibrium expression is Ksp = [Pb²⁺][I⁻]². Since KI supplies I⁻ ions, their concentration affects
the solubility calculation.

Why is the solubility of PbI2 in KI lower than in pure water?
Because KI supplies additional I⁻ ions, the common ion effect shifts the equilibrium toward the solid
form, decreasing solubility.

What assumptions are made when calculating the solubility of
PbI2 in KI solution?
Assumptions include that the initial I⁻ concentration from KI is known, the system reaches equilibrium,
and activity coefficients are approximated as 1.

Can the solubility of PbI2 be directly calculated from the given
Ksp and KI concentration? If so, how?
Yes, by setting up the equilibrium expression considering the common ion effect, and solving for the
solubility 's' using the quadratic or approximation methods based on the initial I⁻ concentration.

What is the role of the common ion effect in this calculation?
The common ion effect occurs because I⁻ ions from KI suppress the dissolution of PbI2, resulting in a
lower solubility than in pure water.



How would increasing the KI concentration influence the
solubility of PbI2?
Increasing KI concentration adds more I⁻ ions, further suppressing PbI2 solubility due to the common
ion effect.

What practical applications relate to calculating the solubility
of PbI2 in KI solutions?
Understanding PbI2 solubility is important in fields like analytical chemistry, water treatment, and the
manufacturing of photographic materials, where controlling ion concentrations is crucial.
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Understanding the solubility of lead(II) iodide (PbI₂) in various solutions is fundamental in inorganic
chemistry, especially in contexts involving precipitation, complex formation, and environmental
considerations. When dealing with solubility in the presence of common ions, such as iodide ions from
potassium iodide (KI), the scenario becomes more intricate due to the common ion effect. This article
delves into the detailed calculation of the solubility of PbI₂ in a 0.025 M KI solution, considering the
provided solubility product constant (Ksp) of 7.9 × 10^-9. The process involves understanding the
principles of solubility equilibria, the influence of the common ion effect, and practical steps for
quantification.

---

Understanding the Fundamentals: Solubility Product
Constant (Ksp)

What is Ksp?
The solubility product constant (Ksp) is an equilibrium constant that applies to the dissolution of a
sparingly soluble salt. For a generic salt AB₂ that dissociates as:

AB₂(s) ⇌ A²⁺(aq) + 2B⁻(aq)

the Ksp expression is:

Ksp = [A²⁺][B⁻]²

In the case of lead(II) iodide:

PbI₂(s) ⇌ Pb²⁺(aq) + 2I⁻(aq)



the corresponding Ksp expression is:

Ksp = [Pb²⁺][I⁻]²

where [Pb²⁺] and [I⁻] are the molar concentrations at equilibrium.

Significance of Ksp
The value of Ksp indicates the degree to which a salt dissolves in water:
- A small Ksp (like 7.9 × 10^-9) suggests low solubility.
- It helps predict whether a precipitate will form when two solutions are mixed.
- It guides calculations of solubility under various conditions.

---

Effect of Common Ions: The Presence of Potassium
Iodide (KI)

Common Ion Effect
The addition of an ion already present in the equilibrium shifts the dissolution equilibrium towards the
solid form, decreasing solubility. Since KI supplies I⁻ ions, the increased I⁻ concentration suppresses
further dissolution of PbI₂.

In pure water, the solubility of PbI₂ (denoted as s, mol/L) can be directly linked to the concentrations:

[Pb²⁺] = s

[I⁻] = 2s

However, in the presence of excess I⁻ from KI, the total I⁻ concentration becomes:

[I⁻]ₜ = 2s + [I⁻]₀

where [I⁻]₀ is the initial concentration from KI (0.025 M).

Impact on Solubility
The increased I⁻ concentration reduces the solubility of PbI₂ because the system reaches equilibrium
at a lower dissolved Pb²⁺ concentration to maintain the Ksp.

---



Calculating the Solubility of PbI₂ in 0.025 M KI Solution

Step 1: Establish Variables
Let:
- s = molar solubility of PbI₂ (mol/L)
- [Pb²⁺] = s
- [I⁻] = 2s + 0.025 M (since KI supplies 0.025 M I⁻)

The equilibrium condition based on Ksp:

Ksp = [Pb²⁺][I⁻]²

Substituting:

7.9 × 10^-9 = s × (2s + 0.025)²

This is a quadratic in s:

7.9 × 10^-9 = s × (4s² + 0.1s + 0.000625)

Expanding:

7.9 × 10^-9 = 4s³ + 0.1s² + 0.000625s

Rearranged as:

4s³ + 0.1s² + 0.000625s - 7.9 × 10^-9 = 0

---

Step 2: Approximations and Simplifications
Given the small value of Ksp and the relatively large initial I⁻ concentration, the solubility s is
expected to be very small (~10^-5 M). Therefore, terms involving s³ and s² are very small.

Neglecting the cubic term (4s³) and the quadratic term (0.1s²) in comparison to the linear term yields:

0.000625s ≈ 7.9 × 10^-9

Solving for s:

s ≈ (7.9 × 10^-9) / 0.000625

s ≈ 1.264 × 10^-5 M

This approximation indicates the molar solubility of PbI₂ in 0.025 M KI is approximately 1.26 × 10^-5
mol/L.



---

Interpreting the Results and Their Significance

Final Solubility
The calculated solubility (s ≈ 1.26 × 10^-5 M) reflects a significant decrease from the solubility in
pure water, where the solubility is roughly:

s₀ = √(Ksp / 4) ≈ √(7.9 × 10^-9 / 4) ≈ 4.45 × 10^-5 M

This reduction demonstrates the strong common ion effect exerted by the iodide ions supplied by KI.

Implications
- Precipitation Control: By adjusting the iodide concentration, chemists can control the formation or
dissolution of PbI₂.
- Environmental Chemistry: Understanding solubility in complex ions is essential for predicting the
mobility of lead compounds.
- Analytical Chemistry: Precise solubility calculations are vital for quantitative analysis involving lead
iodide.

---

Pros and Cons of the Calculation Method

Pros:

Provides a clear estimate for solubility in the presence of common ions.

Uses straightforward algebraic approximations suitable for small s values.

Highlights the significant impact of ionic strength on solubility.

Cons:

Neglects higher-order terms, which may be significant if initial assumptions are invalid.

Assumes ideal behavior, ignoring activity coefficients, which can influence accuracy.

Relies on the approximation that s is very small, which may not hold in different
conditions.



---

Features and Practical Applications

Features:
- Incorporates the common ion effect into solubility calculations.
- Demonstrates the use of Ksp in real-world scenarios.
- Employs approximations suitable for low solubility systems.

Applications:
- Designing precipitation reactions in analytical chemistry.
- Environmental modeling of lead compounds' mobility.
- Developing controlled-release formulations in pharmaceuticals.
- Industrial processes requiring precise control over lead iodide formation.

---

Conclusion

The solubility of lead(II) iodide in a 0.025 M KI solution is approximately 1.26 × 10^-5 M, significantly
lower than its solubility in pure water due to the common ion effect. The calculation underscores the
importance of understanding equilibrium principles, the role of activity coefficients, and the impact of
ionic strength in aqueous chemistry. While the approximation provides a useful estimate, more
sophisticated methods incorporating activity corrections could refine this value further. Overall, this
exercise exemplifies fundamental concepts in solubility equilibria, illustrating how the presence of
additional ions influences the dissolution process and how such knowledge is vital across multiple
scientific and industrial fields.
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