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Understanding the ionization behavior of weak acids like HNO₂ (nitrous acid) in different solutions is

essential in chemistry, especially for students and professionals working with aqueous systems. When

HNO₂ dissolves in water, it partially ionizes, establishing an equilibrium that depends on various

factors such as the solution's composition, pH, ionic strength, and the presence of other ions. This

article aims to analyze and compare the ionization of HNO₂ in pure water, a 0.10 M NaCl solution,

and a 0.10 M solution of another substance (presumably a weak acid or base), to determine in which

solution HNO₂ ionizes less.

---

Understanding Ionization of Weak Acids in Aqueous Solutions

Before comparing the specific solutions, it's critical to grasp the fundamental principles governing the

ionization of weak acids like HNO₂.

What Is Ionization?

Ionization refers to the process where a molecule dissociates into ions when dissolved in water. For

weak acids, the general dissociation can be written as:



\[ \mathrm{HNO_2 (aq)} \leftrightarrow \mathrm{H^+ (aq)} + \mathrm{NO_2^- (aq)} \]

The extent of ionization is characterized by the acid dissociation constant, \( K_a \), which quantifies

the strength of the acid in solution.

Factors Affecting Ionization

Several factors influence how much a weak acid ionizes:

Concentration of the acid: Lower concentrations usually favor greater ionization due to Le1.

Châtelier's principle.

Presence of other ions (ionic strength): Increased ionic strength can influence ionization2.

equilibrium.

Nature of the solvent: Pure water vs. solutions containing other ions.3.

Common ion effect: The presence of ions already present in solution that are part of the4.

dissociation equilibrium can suppress ionization.

---

Analyzing the Solutions: Pure Water, 0.10 M NaCl, and 0.10

M of an Unknown Solution

Let's explore each solution's impact on HNO₂ ionization:



1. Pure Water

Pure water acts as the baseline for weak acid ionization. Its low ionic strength allows the dissociation

of HNO₂ to proceed relatively freely, limited primarily by the acid's \( K_a \).

2. 0.10 M NaCl Solution

NaCl is a strong electrolyte that dissociates completely into Na⁺ and Cl⁻ ions. When dissolved in

water, it increases the ionic strength of the solution without participating in acid-base reactions.

3. 0.10 M of the Unknown Solution

Given the incomplete information, we can assume this is either another salt or acid/base. For the

purpose of comparison, we will analyze the likely effects based on typical behaviors.

---

Impact of Ionic Strength and Common Ion Effect on HNO₂

Ionization

To understand which solution causes less ionization of HNO₂, we need to consider two main

phenomena: the ionic strength effect and the common ion effect.

1. Ionic Strength Effect

- Increased ionic strength generally reduces the ionization of weak acids because the activity

coefficients of ions decrease, diminishing the extent of dissociation.

- The Debye-Hückel theory indicates that higher ionic strength leads to decreased activity of ions,

which can suppress further ionization.



2. Common Ion Effect

- If a solution contains ions that are part of the dissociation equilibrium (like NO₂⁻ or H⁺), the

equilibrium shifts to the left, reducing ionization.

- For example, adding NaNO₂ (which contains NO₂⁻) would suppress HNO₂ ionization due to Le

Châtelier's principle.

---

Comparative Analysis: Which Solution Suppresses HNO₂

Ionization More?

Now, let's analyze each solution's impact based on these principles.

Pure Water

- Low ionic strength.

- No additional ions present.

- Maximum possible ionization of HNO₂ at a given concentration, limited only by its \( K_a \).

0.10 M NaCl Solution

- Higher ionic strength due to the presence of Na⁺ and Cl⁻.

- No common ions with HNO₂; thus, no common ion effect.

- Increased ionic strength tends to decrease ionization slightly compared to pure water, but the effect

is usually modest for such concentrations.



0.10 M of the Unknown Solution

- If this solution contains ions that are common to the dissociation equilibrium (e.g., NO₂⁻), it will

exert a strong common ion effect, significantly suppressing ionization.

- If it is a neutral salt with no common ions, it will behave similarly to NaCl, with some suppression due

to ionic strength.

---

Conclusion: Which Solution Results in Less HNO₂ Ionization?

Based on the above analysis, the solution that will cause HNO₂ to ionize less than in pure water

depends primarily on the presence of ions that shift the equilibrium.

Pure Water: Baseline for maximum ionization.1.

0.10 M NaCl: Slight decrease in ionization due to ionic strength but no significant suppression2.

from common ions.

0.10 M of the Unknown Solution: If it contains common ions like NO₂⁻, it will significantly3.

suppress HNO₂ ionization via the common ion effect. If it contains other ions without direct

influence, suppression will mainly be due to ionic strength and possibly other factors.

Therefore, the solution in which HNO₂ ionizes less than in pure water is most likely the one containing

a common ion (e.g., NO₂⁻), assuming the "unknown" solution contains such ions. If the unknown

solution is a neutral salt with no common ions, then the NaCl solution would cause slightly less

ionization than pure water, but still more than the solution with the common ion.



---

Summary and Practical Implications

- Ionization of weak acids like HNO₂ is sensitive to solution composition.

- The presence of common ions (like NO₂⁻) suppresses ionization significantly via the common ion

effect.

- Increased ionic strength from electrolytes like NaCl can slightly decrease ionization but usually not as

dramatically as the common ion effect.

- Understanding these effects is crucial in fields such as analytical chemistry, buffer design, and

chemical manufacturing.

---

Key Takeaways

Pure water allows maximum ionization of HNO₂ among the solutions considered.

NaCl increases ionic strength but does not introduce common ions, resulting in a modest

reduction in ionization.

If the unknown solution contains NO₂⁻ ions, it will cause the greatest suppression of HNO₂

ionization due to the common ion effect.

Final answer:

HNO₂ will ionize less in the solution containing the common ion (likely the unknown solution if it



contains NO₂⁻) than in pure water or in 0.10 M NaCl.

Frequently Asked Questions

In which solution will HNO2 ionize less than in pure water: 0.10 M

NaCl or 0.10 M NaNO2?

HNO2 will ionize less in 0.10 M NaCl because NaCl is a neutral salt that does not affect the ionization

of HNO2, whereas NaNO2 is a basic salt that can increase the ionization of HNO2 via common ion

effect.

Why does the presence of NaCl have little effect on the ionization of

HNO2 compared to pure water?

NaCl is a neutral salt that does not introduce ions that interact with HNO2, so it does not significantly

alter the ionization equilibrium, unlike NaNO2 which can affect it through the common ion effect.

How does the common ion effect influence the ionization of weak

acids like HNO2 in solutions containing NaNO2?

The common ion effect suppresses the ionization of weak acids like HNO2 when a salt containing the

same ion (NO2−) is present, leading to less ionization compared to pure water.

Between 0.10 M NaCl and 0.10 M NaNO2, which solution results in

less ionization of HNO2?

HNO2 ionizes less in 0.10 M NaNO2 due to the common ion effect, whereas in NaCl solution,

ionization is similar to that in pure water.



Does the ionic strength of the solution affect the ionization of HNO2?

Yes, increased ionic strength can influence ionization equilibrium, often stabilizing ions and reducing

the degree of ionization of weak acids like HNO2.

Would adding a strong electrolyte like NaCl increase or decrease the

ionization of HNO2?

Adding NaCl (a strong electrolyte) generally has little to no effect on HNO2 ionization because it does

not share ions with HNO2, but increased ionic strength can slightly affect ionization.

What is the primary reason HNO2 ionizes less in NaNO2 solution than

in pure water?

Because NaNO2 provides NO2− ions, it causes the common ion effect, shifting the equilibrium and

decreasing HNO2 ionization.

In terms of pH, how does the presence of NaNO2 affect the acidity of

the solution compared to pure water?

NaNO2, being a basic salt, can increase the pH (make it more basic), which results in less HNO2

ionization and a higher pH compared to pure water.

Can the ionization of HNO2 in 0.10 M NaCl be significantly different

from that in pure water?

No, because NaCl is a neutral salt that does not introduce ions that interfere with HNO2 ionization, so

the ionization remains similar to that in pure water.



Additional Resources

In Which Of These Solutions Will HNO₂ Ionize Less Than It Does In Pure Water? A. 0.10 M NaCl B.

0.10 M

Understanding the ionization behaviors of weak acids and salts in aqueous solutions is fundamental in

chemistry. In particular, the question of whether a solution causes a weak acid like nitrous acid

(HNO₂) to ionize more or less than it does in pure water hinges on concepts such as ionization

equilibrium, common ion effects, and solution composition. This article explores these ideas in detail,

analyzing the ionization tendencies of HNO₂ in different solutions, specifically in 0.10 M NaCl and

0.10 M unspecified solution, to determine in which scenario HNO₂ ionizes less than in pure water.

---

Understanding HNO₂ Ionization in Water

Before dissecting the effects of different solutions, it’s essential to understand how HNO₂ behaves in

pure water.

Nature of Nitrous Acid (HNO₂)

HNO₂ is a weak, monoprotic acid characterized by the following dissociation:

HNO₂ ⇌ H⁺ + NO₂⁻

In pure water, this equilibrium is established based on the acid dissociation constant (Ka), which

quantifies its strength. The typical Ka value for HNO₂ at 25°C is approximately 4.5 × 10⁻⁴, indicating

that at equilibrium, a small fraction of the acid molecules dissociate into H⁺ and NO₂⁻ ions.



Ionization in Pure Water

In pure water, the ionization of HNO₂ proceeds unimpeded by extraneous ions, setting a baseline for

its degree of ionization. The expression for its ionization equilibrium is:

Ka = [H⁺][NO₂⁻] / [HNO₂]

Given the initial concentration of HNO₂, the degree of ionization can be calculated or approximated.

As an acid, HNO₂'s ionization degree is moderate, and the resulting pH of the solution generally falls

below 7, reflecting its acidic nature.

---

Impact of Ionic Solutions on Weak Acid Ionization

When a weak acid like HNO₂ is introduced into a solution containing other ions, the ionization

equilibrium can shift significantly. Two key phenomena influence this: the common ion effect and ionic

strength.

Common Ion Effect

The common ion effect occurs when the solution contains ions already present in the dissociation

equilibrium of the weak acid. For HNO₂:

- If NO₂⁻ ions are present from another source, the equilibrium shifts toward the undissociated form

to reduce the concentration of free NO₂⁻ ions, thereby suppressing ionization.

- Conversely, the presence of H⁺ ions from other sources can also influence ionization, but this effect

is usually less pronounced unless the H⁺ concentration is substantially increased.



Ionic Strength and Activity Coefficients

Ionic strength affects the activity coefficients of ions in solution. Higher ionic strength can diminish the

activity of ions, modifying the apparent Ka and influencing ionization. Typically:

- Increased ionic strength stabilizes ions via electrostatic interactions, which can either promote or

suppress ionization depending on the specific conditions.

- For dilute solutions, these effects are often minor, but they become significant at higher

concentrations.

---

Analyzing the Two Solutions: 0.10 M NaCl and the Unspecified

0.10 M Solution

The core of the question hinges on comparing the ionization of HNO₂ in two different solutions: 0.10

M NaCl and another 0.10 M solution whose composition is unspecified. Let’s analyze each.

Solution A: 0.10 M NaCl

NaCl is a strong electrolyte that dissociates completely into Na⁺ and Cl⁻ ions. Its addition to water

influences HNO₂’s ionization through:

- No Common Ion Effect: NaCl provides Na⁺ and Cl⁻ ions, which are not involved in HNO₂’s

dissociation equilibrium. Therefore, it does not directly suppress or enhance ionization via the common

ion effect.

- Increased Ionic Strength: The presence of NaCl increases the ionic strength of the solution, which



alters activity coefficients. Generally, increased ionic strength can suppress ionization of weak acids,

but the effect is often modest at 0.10 M.

Expected Effect:

Since NaCl does not introduce common ions related to HNO₂, and the ionic strength increase is

moderate, the ionization of HNO₂ in 0.10 M NaCl is very similar to that in pure water. However, slight

suppression may occur due to increased ionic strength, leading to marginally less ionization.

Solution B: The Unspecified 0.10 M Solution

Without specific details, this solution could contain various ions. The key consideration:

- Presence of Common Ions: If the solution contains NO₂⁻ ions at a concentration comparable to or

higher than that produced by HNO₂ dissociation, the common ion effect will significantly suppress

further ionization.

- Additional Ions: If it contains H⁺ or other ions that influence the equilibrium, the effects could vary

from suppression to enhancement.

Likely Scenario:

If the solution is a simple electrolyte like NaCl or any non-reactive salt not containing NO₂⁻, then the

ionization of HNO₂ would be similar to pure water, with minor suppression due to ionic strength. If,

however, it contains NO₂⁻ ions, the ionization will be notably less than in pure water.

---

Which Solution Causes Less Ionization of HNO₂?

Based on the above analysis:



- In 0.10 M NaCl:

The effect on HNO₂’s ionization is minimal. The primary influence is a slight suppression due to

increased ionic strength, but no significant common ion effect exists because NaCl does not supply

NO₂⁻ ions.

- In the Unspecified 0.10 M Solution:

If this solution contains NO₂⁻ ions (for example, if it is a solution of sodium nitrite, NaNO₂), the

common ion effect dramatically reduces HNO₂ ionization. The equilibrium shifts toward less

dissociation to maintain ionic balance, resulting in significantly less ionization than in pure water.

Therefore, the solution in which HNO₂ ionizes less than in pure water is most likely the one containing

NO₂⁻ ions—namely, the unspecified 0.10 M solution if it is a nitrite salt.

---

Real-World Implications and Broader Context

Understanding these dynamics is essential not only in academic settings but also in industrial and

environmental contexts:

- Buffer Solutions: The suppression of weak acid ionization by common ions is exploited in buffer

systems to maintain stable pH.

- Environmental Chemistry: Pollutants and ions in natural water bodies can affect the behavior of weak

acids, influencing chemical equilibria and biological processes.

- Pharmaceuticals and Chemical Manufacturing: Precise control over ionization states impacts drug

stability, solubility, and reaction pathways.

---



Conclusion

In summary, the degree to which HNO₂ ionizes depends critically on the ionic composition of the

solution. While 0.10 M NaCl introduces ions that increase ionic strength without supplying common

ions related to HNO₂, it causes only a slight suppression of ionization. Conversely, if the "unspecified"

0.10 M solution contains NO₂⁻ ions—such as from sodium nitrite—it exerts a significant common ion

effect, markedly reducing HNO₂’s ionization compared to pure water.

Final answer:

> The solution in which HNO₂ ionizes less than in pure water is most likely the 0.10 M solution

containing NO₂⁻ ions (i.e., the unspecified solution if it includes nitrite ions). If the unspecified solution

is just a neutral electrolyte like NaCl, then HNO₂’s ionization remains relatively similar to that in pure

water, with only slight suppression due to ionic strength.

---

In essence, the key factor determining the extent of ionization is the presence of common

ions—specifically NO₂⁻—which suppress the dissociation of HNO₂ and lead to less ionization in that

solution compared to pure water.
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