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Understanding how dilution affects the pH of an acid is fundamental in chemistry, especially when dealing
with strong acids and their behavior in various concentrations. In this article, we will explore what
happens to the pH of 20.0 mL of a strong acid with an initial pH of 5.00 when 180.0 mL of distilled water is
added. This scenario highlights the core principles of acid-base chemistry, dilution effects, and pH
calculations, providing valuable insights for students, educators, and anyone interested in chemical solutions.

Fundamentals of pH and Acid Strength

What Is pH and How Is It Measured?
The pH scale is a logarithmic measure of the hydrogen ion concentration ([H+]) in a solution. It is defined
as:

pH = -log [H+]

- A pH of 7 indicates a neutral solution (pure water).
- pH values less than 7 indicate acidity.
- pH values greater than 7 indicate alkalinity.

In solutions containing strong acids, the acid dissociates completely, releasing a high concentration of
hydrogen ions, which results in a low pH.

Strong vs. Weak Acids
- Strong acids (e.g., HCl, HNO₃) dissociate completely in water, meaning all acid molecules release their H+
ions.
- Weak acids (e.g., acetic acid) dissociate partially, with an equilibrium established between undissociated
and dissociated forms.



In our scenario, the acid's initial pH is 5.00, indicating it is not a typical strong acid at its initial concentration
but perhaps a weak acid or a solution with a low concentration of a strong acid.

Calculating the Initial Concentration of the Acid

Given:
- Volume of acid solution = 20.0 mL = 0.020 L
- Initial pH = 5.00

Since pH = -log [H+], we can find [H+]:

[H+] = 10^(-pH) = 10^(-5.00) = 1.00 x 10^(-5) M

This concentration represents the hydrogen ion concentration in the solution before dilution.

To find the initial molarity (M) of the acid:

- For a strong acid, [H+] equals the molarity of the acid because it dissociates completely.
- For a weak acid, this is the concentration of H+ at equilibrium, which is less than the initial molarity.

Assuming the acid is weak or partially dissociating, the initial molarity (M₀) can be estimated as:

M₀ = [H+] / α

Where α is the degree of dissociation, but without further data, we consider the initial molarity as
approximately 1.00 x 10^(-5) M, recognizing that the initial solution is quite dilute.

Note: If the acid were strong, the initial molarity would be approximately 1.00 x 10^(-5) M, but since a
strong acid typically has a much lower pH (around 1 or 2 at similar concentrations), this suggests the initial
solution is a weak acid.

Effects of Dilution on pH

Dilution involves adding solvent—in this case, distilled water—to decrease the concentration of solutes in
the solution.



Dilution Principles and Equations
The fundamental equation governing dilution is:

C₁V₁ = C₂V₂

Where:
- C₁ = initial concentration
- V₁ = initial volume
- C₂ = final concentration after dilution
- V₂ = final total volume after dilution

Applying this to our scenario:

- Initial volume (V₁) = 20.0 mL
- Volume of distilled water added = 180.0 mL
- Final volume (V₂) = V₁ + volume of water = 20.0 mL + 180.0 mL = 200.0 mL = 0.200 L

Assuming initial concentration (C₁) is 1.00 x 10^(-5) M (from initial pH), the final concentration (C₂):

C₂ = (C₁ × V₁) / V₂ = (1.00 x 10^(-5) M × 0.020 L) / 0.200 L = 1.00 x 10^(-6)
M

This indicates that the hydrogen ion concentration decreases by a factor of 10 after dilution.

Change in pH Due to Dilution
Using the new [H+] concentration:

pH = -log [H+] = -log (1.00 x 10^(-6)) = 6.00

Thus, the pH increases from 5.00 to approximately 6.00 after dilution with 180.0 mL of distilled water.

Implications of pH Change in Acid-Base Chemistry



Understanding the Shift in pH
- The initial pH of 5.00 suggests a relatively weak acid or low concentration of a strong acid.
- After dilution, the pH increases to approximately 6.00, indicating a less acidic solution.
- This change illustrates the logarithmic nature of the pH scale: a tenfold decrease in [H+] results in a one-
unit increase in pH.

Real-World Applications
- Dilution is a common method to adjust the acidity or alkalinity of solutions in laboratories, industries, and
environmental settings.
- Knowing how pH changes with dilution helps in titration experiments, buffer preparation, and pH
regulation.

Additional Considerations and Factors

Role of Acid Strength
- For strong acids, the initial pH at a given concentration is usually lower, and dilution causes a predictable
increase in pH.
- For weak acids, the degree of dissociation affects the pH change during dilution.

Buffer Solutions and pH Stability
- In real-world scenarios, solutions often contain buffers that resist pH changes.
- The absence of buffering agents in this solution means pH changes linearly with dilution, as described.

Limitations and Assumptions
- The calculations assume ideal behavior and complete dissociation if the acid is strong.
- For weak acids, activity coefficients and ion interactions might slightly modify the exact pH.

Summary and Conclusions

- Diluting 20.0 mL of a solution with an initial pH of 5.00 by adding 180.0 mL of distilled water results in a
total volume of 200.0 mL.
- The hydrogen ion concentration decreases approximately tenfold from 1.00 x 10^(-5) M to 1.00 x 10^(-6)



M.
- Consequently, the pH increases by about one unit, from 5.00 to approximately 6.00.
- This example underscores the importance of understanding dilution principles and their impact on
solution pH, which is vital for accurate laboratory work and chemical analysis.

Final Thoughts
Understanding how dilution affects pH is essential for chemists and students alike. Accurate calculations
allow for precise control over solution acidity, which is crucial in various scientific applications. Whether
preparing buffers, conducting titrations, or analyzing environmental samples, mastering the relationship
between volume, concentration, and pH is a fundamental skill in chemistry.

Remember: Always consider the nature of the acid (strong or weak), initial concentration, and the presence
of buffering agents when predicting pH changes. This knowledge enables better experimental design and
interpretation of results in real-world chemical scenarios.

Frequently Asked Questions

What is the initial pH of 20.0 mL of a strong acid with a pH of 5.00?
The initial pH is 5.00, indicating a relatively low concentration of hydrogen ions, even though it is labeled
as a strong acid, which suggests some dilution or measurement context.

How does adding 180.0 mL of distilled water affect the pH of the acid
solution?
Adding distilled water dilutes the acid, which raises the pH value, making the solution less acidic.

What is the total volume of the solution after adding 180.0 mL of water?
The total volume becomes 200.0 mL (20.0 mL original + 180.0 mL water).

Will the pH increase or decrease after dilution with distilled water?
The pH will increase because dilution reduces the concentration of hydrogen ions in the solution.

Is the solution still considered strongly acidic after dilution?
No, after dilution, the solution becomes less acidic and may not be classified as strongly acidic anymore.



How do you calculate the new pH after dilution?
You first determine the initial concentration of H+ ions, then calculate the new concentration after dilution,
and finally find the pH using pH = -log[H+].

Does the pH of a strong acid change with dilution in the same way as a
weak acid?
No, strong acids ionize completely, so their pH change with dilution is primarily due to concentration
changes, while weak acids partially ionize and their pH depends on equilibrium.

What assumptions are made when calculating pH after dilution?
Assumptions include complete ionization of the strong acid and that no other reactions or buffering agents
are present in the solution.

Can the initial pH of 5.00 be correct for a strong acid solution of only 20.0
mL?
Typically, a strong acid with a pH of 5.00 would be very dilute; thus, the initial concentration is low,
making this plausible depending on the acid's strength and initial conditions.

What is the significance of understanding pH changes upon dilution in
real-world applications?
Understanding pH changes upon dilution is important in fields like chemistry, biology, medicine, and
environmental science to ensure proper handling, safety, and effectiveness of solutions.

Additional Resources
Understanding the Impact of Dilution on pH: An In-Depth Analysis of Acid Solutions

---

Introduction

In the realm of chemistry, acids and their behavior in aqueous solutions form a foundational topic. The pH
scale, which measures the acidity or basicity of a solution, is central to understanding how solutions react
under various conditions. When dealing with acids, especially strong acids, the process of dilution—adding



water—alters their concentration and consequently their pH.

This review delves into a specific scenario: a solution containing 20.0 mL of a strong acid with a pH of 5.00,
and the effect of diluting this solution with 180.0 mL of distilled water. We'll explore the principles behind
pH, calculations involved in concentration changes, and the broader implications of dilution on acidity.

---

Basics of pH and Acid Strength

What is pH?
- The pH scale quantifies the acidity or alkalinity of a solution.
- It is defined as: pH = -log [H⁺], where [H⁺] is the molar concentration of hydrogen ions.
- The scale typically ranges from 0 (most acidic) to 14 (most basic), with 7 being neutral.

Strong vs. Weak Acids
- Strong acids completely dissociate in water, releasing all their hydrogen ions.
- Weak acids only partially dissociate, releasing fewer H⁺ ions relative to their concentration.
- Examples of strong acids: HCl, HNO₃, H₂SO₄.
- In this scenario, the acid is strong, implying complete dissociation.

pH and Hydrogen Ion Concentration
- For any solution: [H⁺] = 10^(-pH).
- At pH 5.00: [H⁺] = 10^(-5) mol/L = 1.0 × 10^(-5) mol/L.

---

Initial Conditions of the Solution

Let's analyze the initial solution:

- Volume of acid solution, V₁ = 20.0 mL = 0.020 L
- pH₁ = 5.00
- Hydrogen ion concentration, [H⁺]₁ = 1.0 × 10^(-5) mol/L



Since the acid is strong and fully dissociates:

- Moles of H⁺ initially present, n₁ = [H⁺]₁ × V₁
- n₁ = (1.0 × 10^(-5) mol/L) × 0.020 L = 2.0 × 10^(-7) mol

This amount of hydrogen ions is present in the initial volume of the solution.

---

Effect of Dilution on Concentration and pH

Dilution Process
- Additional volume added: 180.0 mL = 0.180 L
- Total volume after dilution: V₂ = V₁ + V_water = 0.020 L + 0.180 L = 0.200 L

Conservation of Moles
- Moles of H⁺ prior to dilution: n₁ = 2.0 × 10^(-7) mol
- Since the acid is strong, all hydrogen ions stay in solution and are conserved during dilution.

New Hydrogen Ion Concentration
- [H⁺]₂ = n₁ / V₂ = (2.0 × 10^(-7) mol) / 0.200 L = 1.0 × 10^(-6) mol/L

Calculating the New pH
- pH₂ = -log [H⁺]₂ = -log (1.0 × 10^(-6)) = 6.00

Result: The pH increases from 5.00 to 6.00 after dilution.

---

Implications of the pH Change

This change illustrates several key points:



- pH Shift: Dilution causes a logarithmic decrease in hydrogen ion concentration, resulting in an increase in
pH.
- Logarithmic Nature: A tenfold decrease in [H⁺] raises pH by 1 unit.
- Practical Significance: Even a small volume of water added can significantly alter the acidity level, which
is critical in chemical reactions, biological systems, and industrial processes.

---

Broader Concepts and Calculations

Understanding Concentration Changes
- The initial molarity of the acid solution is:
M₁ = n₁ / V₁ = (2.0 × 10^(-7) mol) / 0.020 L = 1.0 × 10^(-5) mol/L
- After dilution:
M₂ = n₁ / V₂ = (2.0 × 10^(-7) mol) / 0.200 L = 1.0 × 10^(-6) mol/L

This confirms that the molarity decreases by a factor of 10, consistent with a 10-fold volume increase.

pH Calculation Steps for Diluted Solution
1. Determine the moles of H⁺ ions:
- Moles remain constant during dilution.
2. Find the new concentration:
- Use total volume after dilution.
3. Calculate the new pH:
- pH = -log [H⁺].

General Equation for Dilution and pH
- For a strong acid:

\[
\text{pH after dilution} = -\log \left( \frac{\text{initial moles of H}^+}{\text{total volume after dilution}}
\right)
\]

- Since initial moles of H⁺ are constant:



\[
\text{pH}_2 = -\log \left( \frac{n_1}{V_2} \right)
\]

- This reinforces the importance of volume in determining pH after dilution.

---

Real-World Applications and Significance

Understanding how dilution affects pH has vast applications:

- Laboratory Practices: Accurate pH measurements require maintaining proper concentrations or
accounting for dilution factors.
- Biological Systems: Blood, for example, maintains a narrow pH range (~7.4) partly through buffering
systems that counteract dilution effects.
- Industrial Processes: Acidic cleaning solutions or chemical manufacturing often involve dilution;
predicting pH changes is essential for safety and efficacy.
- Environmental Chemistry: Dilution of acid rain with water bodies can significantly impact aquatic
ecosystems' pH, affecting marine life.

---

Considerations Beyond Ideal Dilution

While the calculations above assume ideal behavior, real-world scenarios might involve:

- Buffering Agents: Substances that resist pH changes by neutralizing added acids or bases.
- Partial Dissociation of Weak Acids: If dealing with weak acids, dilution affects both the degree of
dissociation and pH in more complex ways.
- Temperature Effects: pH and acid dissociation are temperature-dependent; higher temperatures can shift
dissociation equilibria.
- Measurement Accuracy: pH meters have calibration and precision limits, influencing the reliability of pH
readings after dilution.

---



Summary and Key Takeaways

- Dilution reduces concentration of hydrogen ions in a strong acid solution, leading to an increase in pH.
- In this specific case, adding 180.0 mL of distilled water to 20.0 mL of strongly acidic solution with a pH of
5.00 results in a pH shift from 5.00 to 6.00.
- The change in pH corresponds to a tenfold decrease in hydrogen ion concentration, illustrating the
logarithmic nature of the pH scale.
- Understanding these principles is vital across scientific disciplines, affecting experimental design,
environmental monitoring, and industrial applications.

---

Final Thoughts

The scenario of diluting a strong acid solution exemplifies fundamental chemical principles governing
acidity, solution behavior, and the pH scale. Recognizing how volume changes influence concentration and
pH enables chemists and scientists to predict outcomes accurately, ensuring safety, efficiency, and precision
in various contexts. Whether in laboratory experiments, environmental assessments, or industrial processes,
mastering the relationship between dilution and pH is an essential skill rooted in the core concepts of
chemistry.

---

Note: Always consider the specific context and potential deviations from ideal behavior in practical
applications. When handling acids and conducting dilutions, proper safety protocols should be followed, and
measurements should be taken with calibrated instruments for accurate results.
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