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Understanding how to calculate the pH of a solution containing a weak acid and its conjugate base is
fundamental in chemistry, particularly in the study of buffer solutions. In this article, we will explore
the process of determining the pH of a solution that has a concentration of 0.210 M in nitrous acid
(HNO2) and 0.290 M in potassium nitrite (KNO2). We will walk through the concepts, the necessary
calculations, and the relevant equations involved in this process.

Introduction to Acid-Base Equilibria and Buffer
Solutions

What Is pH?

pH is a measure of the hydrogen ion concentration ([H*]) in a solution. It is defined as:
pH = -log [H*]

A low pH indicates acidity, while a high pH indicates alkalinity. Neutral solutions have a pH close to
7.

Weak Acids and Their Conjugate Bases

Weak acids do not completely dissociate in water. Instead, they establish an equilibrium:
HNO2 = H* 4+ NO2-

The conjugate base of nitrous acid is the nitrite ion (NO2~). When both a weak acid and its conjugate
base are present in significant amounts, they can act together to form a buffer solution, which
resists changes in pH upon addition of small amounts of acid or base.

The Buffer System: Nitrous Acid and Nitrite Ion

In our case, the solution contains:

- Nitrous acid (HNO:): a weak acid
- Potassium nitrite (KNOz2): providing NO:~ ions, the conjugate base



This combination creates a buffer system that can stabilize the pH, making it essential to understand
how to calculate the pH accurately.

Key Concepts and Equations for Calculating pH in a
Buffer Solution

The Acid Dissociation Constant (Ka)

The strength of a weak acid like HNO: is characterized by its acid dissociation constant, Ka:
Ka = [H*][NO2"] / [HNO2]
The smaller the Ka, the weaker the acid.

For nitrous acid, the typical Ka value is approximately 4.5 x 10~ at 25°C.

The Henderson-Hasselbalch Equation

For buffer solutions, the pH can be accurately calculated using the Henderson-Hasselbalch equation:
pH = pKa + log([A"J/[HA])

Where:

- pKa = -log(Ka)

- [A~] = concentration of the conjugate base (NO2")
- [HA] = concentration of the weak acid (HNO3)

This equation assumes that the concentrations of the acid and base are close to their initial values
and that the solution forms a buffer.

Assumptions in Our Calculations

- The dissociation of HNO: is minimal, so the concentrations of the acid and conjugate base are
approximately equal to their initial concentrations.

- The solution is at equilibrium.

- Temperature effects are negligible unless specified.

Step-by-Step Calculation of the pH



Step 1: Determine the pKa of Nitrous Acid
Given the Ka value for HNOz2:

Ka=45x 10+

Calculate pKa:
pKa = -log(Ka) = -log(4.5 x 107%)

Calculate:

pKa = 3.35

Step 2: Identify the Concentrations of Acid and Base

From the problem:
-[HNO:2] = 0.210 M
- [KNO:] provides NOz~ ions, so [NO2"] = 0.290 M

Since KNO: dissociates completely:

- [NO27]1 = 0.290 M (initial concentration)
- [HNO2] = 0.210 M (initial concentration)

Note: The dissociation of HNO: is minimal, so these initial concentrations are valid for the buffer
calculation.

Step 3: Use the Henderson-Hasselbalch Equation

Plugging values into the equation:
pH = pKa + log([NO2"]/[HNOz2])

Calculate the ratio:

[NO2"]/[HNO2] = 0.290/ 0.210 = 1.38
Calculate the logarithm:

log(1.38) = 0.14

Now, calculate pH:

pH = 3.35 + 0.14 = 3.49

Therefore, the pH of the solution is approximately 3.49.



Factors Affecting the pH Calculation

Temperature

Ka and pKa are temperature-dependent. The values used here assume standard room temperature
(25°C). Deviations in temperature can alter the pKa and, consequently, the pH.

Concentration Changes
Adding more acid or base shifts the equilibrium, affecting the buffer capacity and pH.

Ionic Strength and Activity Coefficients

In highly concentrated solutions, activity coefficients may differ from 1, slightly altering the
calculations.

Practical Applications of pH Calculation in Buffer
Solutions

Laboratory and Industrial Processes

Accurate pH calculations are essential in:
- Pharmaceutical formulation

- Food and beverage production

- Chemical manufacturing

Environmental Chemistry

Understanding buffer systems helps in:
- Water treatment

- Soil chemistry

- Ecosystem health assessment

Biological Systems

Many biological processes depend on maintaining a specific pH, such as:
- Blood buffering
- Enzyme activity regulation



Summary and Key Takeaways

- The pH of a buffer solution containing nitrous acid and potassium nitrite can be accurately
calculated using the Henderson-Hasselbalch equation.

- The pKa of nitrous acid is approximately 3.35.

- The ratio of conjugate base to weak acid determines the pH.

- In our example, with [NO2-] = 0.290 M and [HNO2] = 0.210 M, the pH is approximately 3.49.

- Factors like temperature, ionic strength, and concentration changes can influence the pH value.

Conclusion

Calculating the pH of a solution containing a weak acid and its conjugate base is a fundamental skill
in chemistry, especially for understanding buffer systems. By knowing the concentrations and the
acid dissociation constant, you can determine the pH accurately using the Henderson-Hasselbalch
equation. This process not only aids in academic pursuits but also has practical applications across
various scientific and industrial fields, emphasizing the importance of a solid grasp of acid-base
chemistry principles.

Additional Resources for Further Learning

- "Chemistry: The Central Science" by Brown, LeMay, Bursten, and Murphy
- Online tutorials on buffer solutions and pH calculations

- Interactive simulations on acid-base equilibria

- Scientific calculators or software for logarithmic calculations

By mastering the calculation of pH in buffer systems like the nitrous acid/nitrite buffer, you deepen
your understanding of chemical equilibria and enhance your ability to predict and control solution
properties in diverse scenarios.

Frequently Asked Questions

How do you calculate the pH of a solution containing both
nitrous acid (HNO:2) and potassium nitrite (KNO2)?

You use the Henderson-Hasselbalch equation, which relates pH to the concentrations of a weak acid
and its conjugate base: pH = pKa + log([A~]/[HA]).

What is the role of potassium nitrite in the solution with
nitrous acid?

Potassium nitrite provides the conjugate base, NO2~, which reacts with hydrogen ions and influences
the pH by shifting the equilibrium.



How do you find the pKa of nitrous acid (HNOz)?

The pKa of nitrous acid is typically around 3.37, based on literature values. You can also calculate it
from its acid dissociation constant (Ka) if needed.

What is the significance of having both HNO: and KNO: in the
solution?

Having both a weak acid and its conjugate base makes the solution a buffer, helping to resist
changes in pH.

How do you apply the Henderson-Hasselbalch equation to find
the pH in this scenario?

Plug in the pKa of nitrous acid and the molar concentrations of HNO: (acid) and KNO: (base) into
the equation: pH = pKa + log([NO2-]/[HNOz2]).

What is the calculated pH of the solution with 0.210 M HNO:
and 0.290 M KNO:?

Using pKa = 3.37, pH = 3.37 + 10g(0.290/0.210) = 3.37 + 0.16 = 3.53.

Why is it important to consider the buffer capacity when
calculating pH in such solutions?

Buffer capacity determines how well the solution can resist pH changes upon addition of acids or
bases, which is relevant in buffer solutions like this one.

Could the pH change if the concentrations of HNO: and KNO:
are altered?

Yes, increasing the concentration of the acid or base shifts the equilibrium, thereby changing the pH
according to the Henderson-Hasselbalch equation.

Additional Resources

Calculate The pH Of A Solution That Is 0.210 M In Nitrous Acid (HNO2) And 0.290 M In Potassium
Nitrite

Understanding how to calculate the pH of a solution containing both a weak acid and its conjugate
base is fundamental in chemistry, especially in the context of buffer solutions. When dealing with a
mixture of nitrous acid (HNO:) and potassium nitrite (KNO-), the pH calculation hinges on the
principles of acid-base equilibria, the Henderson-Hasselbalch equation, and the properties of weak
acids and their conjugates. This article will guide you through the process step-by-step, providing a
comprehensive overview of the concepts, calculations, and interpretations involved.



Introduction to Acid-Base Equilibria and Buffer
Solutions

Before diving into the specific calculation, it’s essential to understand the fundamental concepts of
acid-base chemistry relevant to this scenario.

Weak Acids and Conjugate Bases

- Weak acids do not completely dissociate in water; they establish an equilibrium between the
undissociated acid and its ions.

- Nitrous acid (HNO-) is a weak acid with a characteristic acid dissociation constant (Ka), which
measures its strength.

- Conjugate bases are the species formed when a weak acid donates a proton. In this case, nitrite ion
(NO27) is the conjugate base of nitrous acid.

Buffer Solutions

- A buffer solution contains a weak acid and its conjugate base.
- It resists changes in pH when small amounts of acid or base are added.
- The pH of a buffer can be estimated using the Henderson-Hasselbalch equation:

\[

pH = pK a + \log \left( \frac{[\text{A} -1} {[\text{HA}1} \right)
\]

where:

-\(\text{HA}\) is the concentration of the weak acid
-\(\text{A}"-\) is the concentration of its conjugate base
-\(pK a\) is the negative log of the acid dissociation constant

Gathering Necessary Data and Constants

To perform the calculation, we need specific data:

- Concentration of nitrous acid, \([HNO 2]\) = 0.210 M
- Concentration of potassium nitrite, \([(KNO 2]\) = 0.290 M

Since potassium nitrite fully dissociates in aqueous solution, its concentration is equivalent to the



nitrite ion concentration, \([NO 2”-]\) = 0.290 M.

The critical piece of data is the acid dissociation constant (Ka) of nitrous acid. Based on literature,
the Ka for HNO: is approximately:

\[
K a\approx 4.5 \times 10"~ {-4}

\]
Calculating \(pK a\):

\[
pK a = -\log K a = -\log (4.5 \times 10"~ {-4}) \approx 3.35
\]

Calculating the pH Using the Henderson-Hasselbalch
Equation

Given the concentrations of the weak acid and its conjugate base, the pH can be estimated directly.

\[
pH = pK a + \log \left( \frac{[\text{A}~-]}{[\text{HA}1} \right)
\]

Substituting the known values:

\[
pH = 3.35 + \log \left( \frac{0.290}{0.210} \right)

\]

Calculating the ratio:

\[
\frac{0.290}{0.210} \approx 1.38

\]

Taking the logarithm:

\[
\log(1.38) \approx 0.14

\]

Finally, calculating the pH:

\[
pH =3.35+0.14 = 3.49



\]

Therefore, the approximate pH of the solution is 3.49.

Discussion of the Calculation and Its Assumptions

While the calculation appears straightforward, several assumptions underpin this approach:

Assumptions Made

- Complete dissociation of potassium nitrite: Since KNO:z is a strong electrolyte, we assume it
dissociates completely, providing a reliable concentration of NO2~.

- Negligible activity coefficients: The calculation assumes ideal behavior, which is reasonable at
dilute concentrations.

- No significant autoionization effects: The solution’s pH is primarily governed by the nitrous acid
and nitrite equilibrium, with minimal interference from other ions.

- Constant temperature: The \(K a\) value is temperature-dependent, and standard values are usually
based on 25°C.

Potential Sources of Error

- Variation in \(K a\): Small changes in \(K a\) due to temperature fluctuations can affect the pH
calculation.

- Activity coefficients: At higher ionic strengths, activity coefficients deviate from 1, leading to slight
inaccuracies.

- Presence of other ions: If additional ions are present, they could influence the equilibrium.

Additional Considerations and Complexities

While the Henderson-Hasselbalch equation provides a quick estimate, a more precise calculation can
be performed by considering the full equilibrium.

Full Equilibrium Approach

- Set up the equilibrium expression for nitrous acid:

\[



HNO 2 \leftrightarrow H™+ + NO 2"-
\]

- Write the expression for \(K a\):

\[
K a = \frac{[H*+][NO_2~-1}{[HNO 2]}
\]

- Recognize that in the buffer solution:

\[
[NO 27-]\approx 0.290\, \text{M}
\]

\[
[HNO 2]\approx 0.210\, \text{M}
\]

- Solve for \([H™+1\):

\[
[H™+] = K a\times \frac{[HNO 2]} {[NO 2"-]}
\]

\[
[H*+] = 4.5 \times 10" {-4} \times \frac{0.210} {0.290} \approx 4.5 \times 10"~ {-4} \times 0.724
\approx 3.26 \times 10"~ {-4}

\]

- Calculate pH:

\[

pH = -\log [H"+] \approx -\log (3.26 \times 10" {-4}) \approx 3.49
\]

This matches the estimate from the Henderson-Hasselbalch equation, confirming its validity.

Features, Pros, and Cons of the Approach

Features:
- Utilizes fundamental principles of acid-base chemistry.
- Employs the Henderson-Hasselbalch equation for quick calculations.

- Can be extended to various buffer systems with known \(K a\) values.

Pros:



- Simplicity: Easy to perform with basic data.
- Speed: Rapid estimation of pH without complex calculations.
- Applicability: Useful for real-world buffer solutions in laboratory and industrial settings.

Cons:

- Approximate: Assumes ideal behavior; actual pH may vary slightly.
- Limited scope: Does not account for activity coefficients at higher concentrations.
- Temperature dependence: Requires adjustments if temperature deviates from standard conditions.

Conclusion

Calculating the pH of a solution containing nitrous acid and potassium nitrite can be efficiently
achieved using the Henderson-Hasselbalch equation, given the concentrations and the \(K a\) value
of nitrous acid. In this scenario, the estimated pH is approximately 3.49, indicating a mildly acidic
solution that functions effectively as a buffer. Understanding these calculations enhances our ability
to manipulate and predict the behavior of buffer solutions in various chemical contexts. Whether for
laboratory experiments or industrial applications, mastering this approach is a vital skill in analytical
chemistry and solution chemistry.
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Note: Always verify the \(K a\) value at the specific temperature of your solution for precise
calculations.
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