
What Is The Ph Of A 0.40 M Solution Of A Weak
Acid? The Ka Value For This Acid Is 5.6 X 10-6

What Is The pH Of A 0.40 M Solution Of A Weak Acid? The Ka Value For This Acid Is 5.6 X 10-6

Understanding the pH of solutions is fundamental in chemistry, especially when dealing with acids and
bases. When working with weak acids, calculating the pH involves considering their dissociation
equilibrium and the acid dissociation constant, Ka. In this article, we'll explore how to determine the pH of
a 0.40 M solution of a weak acid with a Ka value of 5.6 x 10^-6, providing a comprehensive explanation
suitable for students, educators, and chemistry enthusiasts alike.

---

Introduction to pH and Weak Acids

The pH scale measures the acidity or alkalinity of a solution, ranging from 0 (most acidic) to 14 (most
alkaline), with 7 being neutral. The pH is mathematically related to the concentration of hydrogen ions (H⁺)
in the solution:

pH = -log[H⁺]

Weak acids are substances that do not completely dissociate in water. Unlike strong acids, which ionize
fully, weak acids establish an equilibrium between their undissociated form and ions in solution. The
degree of dissociation impacts the solution's pH and depends on the acid's strength, quantified by the acid
dissociation constant, Ka.

---

Understanding the Acid Dissociation Constant (Ka)

Ka is a numerical value expressing the extent of ionization of an acid in aqueous solution. It is defined as:

Ka = [H⁺][A⁻] / [HA]

Where:
- [H⁺] = concentration of hydrogen ions



- [A⁻] = concentration of conjugate base
- [HA] = concentration of undissociated acid

A smaller Ka indicates a weaker acid, dissociating less in solution. Conversely, a larger Ka corresponds to a
stronger acid.

In our case, the acid has a Ka of 5.6 x 10^-6, which classifies it as a weak acid with limited dissociation.

---

Calculating the pH of a 0.40 M Weak Acid Solution

To determine the pH, we need to find the concentration of hydrogen ions [H⁺] in the solution. The
fundamental process involves setting up an equilibrium expression and solving for [H⁺].

Step 1: Set Up the Initial Concentrations

- Initial concentration of the acid, [HA]_initial = 0.40 M
- Initial concentration of H⁺ and A⁻ = 0 M (before dissociation)

Step 2: Define the Change During Dissociation

Let x be the concentration of H⁺ ions produced at equilibrium due to dissociation:

- [HA] at equilibrium = 0.40 - x
- [H⁺] at equilibrium = x
- [A⁻] at equilibrium = x

Since the acid is weak, x will be much smaller than 0.40 M, allowing some approximations.

Step 3: Write the Equilibrium Expression

Using the Ka expression:

Ka = [H⁺][A⁻] / [HA]



Substitute the equilibrium concentrations:

5.6 x 10^-6 = (x)(x) / (0.40 - x)

Given that Ka is small, we assume x <

0.40 - x ≈ 0.40

Thus, the equation simplifies to:

5.6 x 10^-6 ≈ x² / 0.40

Step 4: Solve for x

Rearranged:

x² = 5.6 x 10^-6 × 0.40

Calculate:

x² = 2.24 x 10^-6

Taking the square root:

x = √(2.24 x 10^-6) ≈ 1.50 x 10^-3 M

This x value represents the concentration of H⁺ ions in the solution.

Step 5: Calculate the pH

Now, compute the pH:

pH = -log[H⁺] = -log(1.50 x 10^-3) ≈ 2.82

---



Interpreting the Results and Significance

The calculated pH of approximately 2.82 indicates that the solution is mildly acidic, consistent with a weak
acid. Several factors influence this pH:

- The initial concentration of the acid: 0.40 M
- The acid's Ka value: 5.6 x 10^-6
- The degree of dissociation: relatively small, but sufficient to produce a noticeable pH

This calculation demonstrates how weak acids do not fully dissociate, yet they still contribute to the acidity
of the solution. The pH value derived here aids in understanding the solution's corrosiveness, reactivity,
and suitability for various applications.

---

Factors Affecting the pH of Weak Acid Solutions

While the above calculation provides an accurate estimate, several factors can influence the pH of weak acid
solutions:

1. Concentration of the Acid: Increasing the initial concentration will generally decrease the pH, making
the solution more acidic.

2. Ka Value of the Acid: A higher Ka indicates a stronger weak acid, leading to a lower pH at the same
concentration.

3. Temperature: As temperature increases, Ka values can change, affecting pH.

4. Dilution: Diluting the solution reduces the concentration of H⁺, increasing the pH.

---

Applications of pH Calculations for Weak Acids

Understanding the pH of weak acid solutions is crucial across various fields:

- Pharmaceuticals: Ensuring drug stability and absorption
- Environmental Science: Monitoring soil and water acidity



- Industrial Processes: Managing chemical reactions and manufacturing
- Food Industry: Controlling acidity in products like vinegar and citrus juices

Accurate pH calculations allow scientists and engineers to optimize conditions, ensure safety, and develop
effective products.

---

Conclusion

Determining the pH of a weak acid solution requires understanding its dissociation equilibrium and
applying the acid dissociation constant, Ka. In this case, for a 0.40 M solution of an acid with Ka = 5.6 x 10^-6,
the pH is approximately 2.82. This process illustrates fundamental principles in acid-base chemistry and
highlights the importance of equilibrium calculations in real-world applications.

By mastering these calculations, students and professionals can better predict solution behaviors, design
better experiments, and develop innovative solutions in science and industry.

---

Summary of Key Points
- pH measures acidity; calculated as -log[H⁺].
- Weak acids partially dissociate, with their strength quantified by Ka.
- The calculation involves setting up an equilibrium expression and applying assumptions for simplification.
- For a 0.40 M solution with Ka = 5.6 x 10^-6, the pH is approximately 2.82.
- Factors like concentration, temperature, and dilution influence pH.
- Accurate pH knowledge is essential for various scientific and industrial applications.

---
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Frequently Asked Questions

How do you calculate the pH of a 0.40 M weak acid solution with a Ka of
5.6 x 10⁻⁶?
You set up an equilibrium expression using the dissociation of the acid, assume x is the concentration of H⁺
ions, and solve for x using the Ka expression. pH is then calculated as -log[x].

What is the approximate pH of a 0.40 M solution of a weak acid with Ka =
5.6 x 10⁻⁶?
The pH is approximately 3.4, calculated by solving the quadratic equation derived from the acid dissociation
expression or using approximation methods.

Why is it important to know the Ka value when calculating the pH of a
weak acid solution?
The Ka value indicates the acid's strength and determines how much the acid dissociates, which directly
affects the concentration of H⁺ ions and thus the pH.

Can the pH of a weak acid solution be estimated without solving quadratic
equations?
Yes, if the acid is weak and the dissociation is small, you can approximate pH using the expression pH ≈ ½
(pKa - log[initial concentration]), but for more accuracy, solving the quadratic is recommended.

What assumptions are made when calculating the pH of a weak acid
solution like this one?
The main assumptions are that the dissociation is small (x is much less than initial concentration), and that
the initial concentration remains approximately unchanged during dissociation, allowing simplifications in
calculations.

Additional Resources
What Is The pH Of A 0.40 M Solution Of A Weak Acid? The Ka Value For This Acid Is 5.6 x 10⁻⁶

Understanding the pH of solutions is fundamental in chemistry, especially when dealing with acids and
bases. In this article, we analyze the pH of a specific weak acid solution—0.40 M concentration with a



known acid dissociation constant (Ka) of 5.6 x 10⁻⁶. This investigation combines principles of equilibrium
chemistry, molarity calculations, and logarithmic functions to illustrate how scientists determine the acidity
of weak solutions.

---

Introduction to pH and Acid Strength

pH is a logarithmic scale used to specify the acidity or alkalinity of an aqueous solution. It is defined as:

pH = -log [H⁺]

where [H⁺] is the molar concentration of hydrogen ions in the solution.

Strong acids completely dissociate in water, releasing a full equivalent of H⁺ ions, making their pH
straightforward to calculate. For example, hydrochloric acid (HCl) with a high concentration typically
exhibits a low pH.

Weak acids, however, do not fully dissociate. Instead, they establish an equilibrium between the
undissociated acid molecules and ions in solution. Their pH depends on the acid's degree of dissociation,
which is governed by the acid dissociation constant (Ka). The smaller the Ka, the weaker the acid, and the
less it dissociates in solution.

---

Fundamental Concepts and Definitions

The Acid Dissociation Constant (Ka)

Ka quantifies the extent of dissociation of a weak acid (HA):

HA ⇌ H⁺ + A⁻

The equilibrium expression is:

Ka = [H⁺][A⁻] / [HA]



where:

- [H⁺] is the concentration of hydrogen ions,
- [A⁻] is the concentration of the conjugate base,
- [HA] is the concentration of undissociated acid.

A smaller Ka indicates weaker acidity, with less dissociation at equilibrium.

Calculating pH of Weak Acid Solutions

The typical approach involves:

1. Setting up an ICE table (Initial, Change, Equilibrium) for the dissociation.
2. Expressing the concentrations of ions at equilibrium.
3. Applying the Ka expression to solve for [H⁺].
4. Calculating pH from [H⁺].

Given the initial molarity of the weak acid and its Ka, we can determine the pH.

---

Step-by-Step Calculation of pH for 0.40 M Weak Acid Solution

1. Establishing the Initial Conditions

- Initial concentration of the weak acid (HA): 0.40 M
- Initial concentrations of H⁺ and A⁻: 0 M (before dissociation)

2. Defining Variables for Equilibrium

- Let x = [H⁺] at equilibrium
- Because of the 1:1 dissociation, [A⁻] at equilibrium is also x
- The remaining undissociated acid: [HA] = 0.40 - x



3. Writing the Equilibrium Expression

Applying the Ka expression:

Ka = [H⁺][A⁻] / [HA] = 5.6 × 10⁻⁶

Substituting the equilibrium concentrations:

5.6 × 10⁻⁶ = x × x / (0.40 - x)

which simplifies to:

5.6 × 10⁻⁶ = x² / (0.40 - x)

---

Analytical Solution and Approximations

4. Justification for Approximation

Since Ka is very small (indicating a weak acid), it's often valid to assume that x (the amount of dissociation)
is much less than the initial concentration. This allows us to approximate:

0.40 - x ≈ 0.40

This simplifies the calculation.

5. Solving for x

Plugging this into the equilibrium expression:

x² ≈ 5.6 × 10⁻⁶ × 0.40



Calculating:

x² ≈ 2.24 × 10⁻⁶

Taking the square root:

x ≈ √(2.24 × 10⁻⁶) ≈ 1.50 × 10⁻³ M

This value of x represents the concentration of H⁺ ions at equilibrium.

---

Determining the pH

Using the definition:

pH = -log [H⁺] = -log (1.50 × 10⁻³)

Calculating:

pH ≈ - (log 1.50 + log 10⁻³) ≈ - (0.1761 - 3) ≈ 2.8239

Therefore, the pH of the 0.40 M weak acid solution is approximately 2.82.

---

Discussion and Implications

Understanding the Significance of the pH Value

A pH of approximately 2.82 indicates a moderately acidic solution. Despite the weak nature of the acid (as
evidenced by the small Ka), the initial concentration of 0.40 M results in a significant amount of dissociation,



leading to a pH below 3.

This demonstrates the importance of both concentration and Ka in determining acidity:

- Higher concentration increases the amount of dissociation products, lowering pH.
- Smaller Ka (weaker acid) limits dissociation, increasing pH.

Comparison with Strong Acids

For context, a strong acid like HCl at 0.40 M would have a pH close to:

pH ≈ -log 0.40 ≈ 0.40

which is much more acidic. The weak acid’s higher pH reflects its partial dissociation.

Limitations of the Approximation

The assumption that x is negligible relative to 0.40 M is valid here because the calculated x (~0.0015 M) is
less than 5% of the initial concentration, ensuring minimal error. For acids with larger Ka or higher
concentrations, more precise quadratic calculations may be required.

---

Broader Context and Applications

Understanding the pH of weak acids is crucial in numerous scientific and industrial contexts:

- Pharmaceuticals: Many drugs are weak acids or bases; their pH influences absorption and efficacy.
- Environmental science: Natural waters often contain weak acids affecting pH balance.
- Food science: Acidic foods and beverages rely on weak acids like citric acid, influencing flavor and
preservation.
- Chemical manufacturing: Buffer solutions often contain weak acids and their conjugates; knowing their
pH is essential for process control.

---



Conclusion

The pH of a 0.40 M solution of a weak acid with a Ka of 5.6 x 10⁻⁶ is approximately 2.82. This calculation
exemplifies how fundamental principles of equilibrium chemistry, logarithmic functions, and
approximations converge to quantify acidity in weak acid solutions. It underscores the delicate interplay
between concentration and acid strength, providing essential insights for chemists and professionals across
scientific disciplines.

In real-world applications, such calculations enable scientists to predict solution behavior, design appropriate
buffers, and optimize processes where acidity plays a critical role. Understanding these principles remains
foundational in advancing both theoretical knowledge and practical innovations in chemistry.

---
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