
A 1 Liter Solution Contains 0.411 M Nitrous
Acid And 0.308 M Sodium Nitrite. Addition
Of 0.339 Moles
A 1 Liter Solution Contains 0.411 M Nitrous Acid And 0.308 M Sodium Nitrite. Addition Of
0.339 Moles is a fascinating chemical scenario that involves understanding the interactions
between weak acids and their conjugate bases, as well as the principles of chemical equilibrium, pH
calculations, and buffer solutions. This article explores the detailed chemistry behind this solution,
focusing on how the addition of 0.339 moles influences the system, and providing insights into
related concepts such as buffer capacity, pH changes, and applications.

Understanding the Composition of the Solution

Nitrous Acid (HNO₂)
Nitrous acid is a weak, monobasic acid with the chemical formula HNO₂. It exists in equilibrium with
its conjugate base, nitrite ion (NO₂⁻), in aqueous solutions. Its properties include:

Partial dissociation in water: HNO₂ ⇌ H⁺ + NO₂⁻

pKa value approximately 3.37, indicating its acidic strength

Used in various chemical syntheses and analytical applications

Sodium Nitrite (NaNO₂)
Sodium nitrite is a salt that provides the nitrite ion (NO₂⁻) in solution:

Highly soluble in water, dissociating completely: NaNO₂ → Na⁺ + NO₂⁻

Acts as a conjugate base in the nitrous acid system

Commonly used as a preservative, in dyeing, and in medical applications

Initial Conditions
Based on the provided concentrations:

Volume of solution = 1 liter1.



Concentration of nitrous acid (HNO₂) = 0.411 M2.

Concentration of sodium nitrite (NaNO₂) = 0.308 M3.

This mixture essentially forms a buffer system, where the weak acid and its conjugate base are
present in significant amounts.

Calculating the Initial pH of the Solution

Relevance of pKa and Buffer Systems
Understanding the initial pH involves using the Henderson-Hasselbalch equation:
\[
pH = pKa + \log \left( \frac{[\text{Base}]}{[\text{Acid}]} \right)
\]
Where:
- \([ \text{Base} ]\) is the concentration of NO₂⁻
- \([ \text{Acid} ]\) is the concentration of HNO₂

Applying the Data
Insert the known values:
\[
pH = 3.37 + \log \left( \frac{0.308}{0.411} \right)
\]
Calculate the ratio:
\[
\frac{0.308}{0.411} \approx 0.75
\]
Calculate the logarithm:
\[
\log 0.75 \approx -0.1249
\]
Thus:
\[
pH \approx 3.37 - 0.1249 = 3.245
\]
The initial pH of the solution is approximately 3.25, which reflects a slightly acidic environment
typical of buffer solutions.

Impact of Adding 0.339 Moles of Substance



Nature of the Substance Added
The problem indicates an addition of 0.339 moles, but does not specify what substance is added. For
comprehensive analysis, consider two scenarios:

Adding a strong acid (e.g., HCl)1.

Adding a strong base (e.g., NaOH)2.

Case 1: Addition of Strong Acid (HCl)
If 0.339 moles of a strong acid are added:

HCl dissociates completely: HCl → H⁺ + Cl⁻

The added H⁺ ions will react with NO₂⁻, converting it into HNO₂:

NO₂⁻ + H⁺ → HNO₂

The net effect is an increase in the concentration of HNO₂ and a decrease in NO₂⁻

The new concentrations:
\[
[\text{HNO}_2]_{new} = 0.411 + \frac{0.339}{1\,\text{L}} = 0.411 + 0.339 = 0.750\, \text{M}
\]
\[
[\text{NO}_2^-]_{new} = 0.308 - 0.339\, \text{M}
\]
Since the initial NO₂⁻ is only 0.308 M, subtracting 0.339 M would result in negative concentration,
which is impossible. Therefore, all NO₂⁻ is consumed, and excess HCl remains in solution,
significantly lowering the pH.

Case 2: Addition of Strong Base (NaOH)
If 0.339 moles of NaOH are added:

NaOH dissociates completely: NaOH → Na⁺ + OH⁻

OH⁻ reacts with HNO₂, converting it into NO₂⁻:

HNO₂ + OH⁻ → NO₂⁻ + H₂O

The concentration of NO₂⁻ increases, and HNO₂ decreases



Calculations:
\[
[\text{HNO}_2]_{new} = 0.411 - 0.339 = 0.072\, \text{M}
\]
\[
[\text{NO}_2^-]_{new} = 0.308 + 0.339 = 0.647\, \text{M}
\]

Compute the new pH:
\[
pH = pKa + \log \left( \frac{0.647}{0.072} \right)
\]
\[
\frac{0.647}{0.072} \approx 8.99
\]
\[
\log 8.99 \approx 0.954
\]
\[
pH \approx 3.37 + 0.954 = 4.324
\]
The solution becomes less acidic, with the pH rising to about 4.32, indicating the buffering capacity
of the system.

Buffer Capacity and pH Changes

Understanding Buffer Capacity
Buffer capacity refers to the ability of a solution to resist pH changes upon addition of acid or base.
It depends on:

The concentrations of acid and conjugate base

The volume of the solution

Calculating Buffer Capacity
The buffer capacity (\(\beta\)) can be approximated as:
\[
\beta = 2.303 \times ( [\text{Acid}] + [\text{Base}] ) \times \frac{\Delta pH}{\text{volume}}
\]
In this case, the initial concentrations are significant, indicating a moderate buffer capacity.



Implications of Adding 0.339 Moles
- Addition of strong acid or base will shift the pH, but the extent depends on the initial buffer
strength.
- The solution can tolerate some amount of added acid or base before the pH changes significantly.

Practical Applications and Significance

Buffer Systems in Chemistry
Buffer solutions like the nitrous acid/nitrite system are crucial in:

Biological systems: maintaining pH in blood and cells

Industrial processes: controlling pH in manufacturing

Analytical chemistry: preparing standards and controlling reaction conditions

Relevance of the Nitrous Acid/Nitrite System
This particular buffer system is:

Used in analytical titrations involving nitrous acid

Important in environmental chemistry, especially in nitrogen cycle studies

Relevant in medical contexts, such as in nitrite detection and detoxification processes

Summary and Final Considerations
- The initial pH of the solution is approximately 3.25, indicative of a buffer system.
- Addition of 0.339 moles of strong acid or base dramatically influences pH depending on which is
added.
- Buffer capacity is significant but limited; understanding the concentrations helps predict pH
changes.
- Applications of such systems span multiple fields, showcasing their importance in chemistry and
beyond.

Additional Notes
- If the added substance is neither a strong acid nor a strong base, the effects on pH need to be
analyzed based on the specific properties of that substance



Frequently Asked Questions

What is the significance of the given concentrations of nitrous
acid and sodium nitrite in the solution?
They determine the solution's acidity and its ability to act as a buffer, particularly in the context of
the nitrous acid-sodium nitrite system, which is important for understanding pH and equilibrium
behavior.

How does adding 0.339 moles of a substance affect the pH of
the existing solution?
Adding 0.339 moles of a substance, such as a strong acid or base, can shift the equilibrium of the
nitrous acid-sodium nitrite buffer system, thereby changing the pH depending on whether an acid or
base is added.

If 0.339 moles of a strong acid are added to the solution, what
is the expected impact on the concentrations of nitrous acid
and sodium nitrite?
The strong acid will protonate nitrite ions, converting some sodium nitrite into nitrous acid,
increasing nitrous acid concentration while decreasing sodium nitrite concentration, which
influences the buffer capacity.

How can the Henderson-Hasselbalch equation be used to
estimate the pH after addition of 0.339 moles of a substance?
By calculating the new concentrations of nitrous acid and sodium nitrite after addition, the
Henderson-Hasselbalch equation (pH = pKa + log([A−]/[HA])) can be used to estimate the resulting
pH of the solution.

What is the role of nitrous acid and sodium nitrite in
biological or industrial processes?
They are used in buffer systems to maintain pH stability, in analytical chemistry for titrations, and in
industrial processes like wastewater treatment and chemical manufacturing.

How do you determine the new concentrations of nitrous acid
and sodium nitrite after adding 0.339 moles to the solution?
Calculate the initial moles based on concentrations and volume, add the 0.339 moles to the relevant
species depending on the reaction, and then divide by the total volume to find the new
concentrations.



Why is the initial solution volume specified as 1 liter
important for calculations?
Because concentrations are molarity (moles per liter), knowing the volume allows for accurate
conversion between moles and concentrations after adding or removing substances.

What is the likely pKa of nitrous acid, and how does it
influence buffer capacity in this system?
Nitrous acid has a pKa around 3.37, which means the buffer system is most effective near this pH;
the concentrations of nitrous acid and sodium nitrite determine the pH relative to this pKa.

How can the addition of 0.339 moles be used to model or
predict chemical equilibrium shifts in this buffer system?
By considering the stoichiometry of reactions and applying principles of Le Châtelier’s principle, the
addition of moles can be used to predict shifts in equilibrium concentrations and pH changes within
the buffer system.

Additional Resources
A 1 Liter Solution Contains 0.411 M Nitrous Acid And 0.308 M Sodium Nitrite. Addition Of 0.339
Moles

In the realm of chemistry, understanding the behavior of acids and their conjugate bases within
aqueous solutions is fundamental, especially when dealing with weak acids and their salts. Today,
we delve into a fascinating scenario involving a 1-liter solution that contains nitrous acid (HNO₂) and
sodium nitrite (NaNO₂), along with an additional amount of substance introduced into the system.
This scenario not only exemplifies principles of acid-base equilibria but also offers insight into how
pH and chemical dynamics evolve upon such modifications.

---

Understanding the Composition of the Initial Solution

Before exploring the effects of adding 0.339 moles of a substance to the solution, it’s essential to
grasp the baseline composition and behavior of the initial mixture. The solution’s primary
constituents are:

- Nitrous Acid (HNO₂): 0.411 molarity (M)
- Sodium Nitrite (NaNO₂): 0.308 M

Since both are in a 1-liter solution, the total molar amounts are straightforward:

- Nitrous Acid: 0.411 mol



- Sodium Nitrite: 0.308 mol

This mixture is characteristic of a buffer solution, formed from a weak acid (HNO₂) and its conjugate
base (NO₂⁻), supplied via sodium nitrite. Such buffers are crucial in maintaining pH stability and are
frequently studied in analytical chemistry and biological systems.

---

Role of Nitrous Acid and Sodium Nitrite in Buffer
Systems

Understanding the interaction between HNO₂ and NaNO₂ requires a look into their chemical
equilibrium:

Dissociation of Nitrous Acid:
\[ \mathrm{HNO_2} \leftrightarrow \mathrm{H}^+ + \mathrm{NO_2}^- \]

- This is a weak acid dissociation, characterized by its acid dissociation constant \( K_a \).
- The conjugate base, NO₂⁻, can accept protons, establishing a buffer system.

Properties of the Buffer:
- The mixture's pH depends primarily on the ratio of concentrations of HNO₂ and NO₂⁻.
- The Henderson-Hasselbalch equation provides a way to estimate pH:
\[ \mathrm{pH} = \mathrm{p}K_a + \log \left( \frac{[\mathrm{A}^-]}{[\mathrm{HA}]} \right) \]
where:
- \([\mathrm{A}^-]\) is the concentration of conjugate base (NO₂⁻),
- \([\mathrm{HA}]\) is the concentration of weak acid (HNO₂),
- \( pK_a \) is the negative log of \( K_a \).

Value of \( pK_a \) for Nitrous Acid:
- \( K_a \) of nitrous acid is approximately \( 4.5 \times 10^{-4} \).
- Therefore, \( pK_a \approx 3.35 \).

Using these values, the initial pH of the solution can be roughly estimated.

---

Calculating the Initial pH of the Solution

Given:
- \([\mathrm{HNO_2}] = 0.411\, \mathrm{M}\)
- \([\mathrm{NO_2}^-] = 0.308\, \mathrm{M}\)
- \( pK_a \approx 3.35 \)

Applying the Henderson-Hasselbalch equation:



\[
\mathrm{pH} = 3.35 + \log \left( \frac{0.308}{0.411} \right)
\]

Calculating the ratio:

\[
\frac{0.308}{0.411} \approx 0.75
\]

Then,

\[
\mathrm{pH} \approx 3.35 + \log(0.75) \approx 3.35 - 0.125 \approx 3.225
\]

Initial pH ≈ 3.23

This pH indicates a slightly acidic environment, consistent with the weak acid presence. The buffer
capacity at this point is determined by the concentrations of HNO₂ and NO₂⁻, providing the solution
with resilience against small acid or base additions.

---

Introducing 0.339 Moles of a Substance: What Are the
Implications?

The scenario involves the addition of 0.339 moles of an unspecified substance. In the context of acid-
base chemistry, such an addition could be:

- Adding a strong acid or base: to shift the equilibrium.
- Adding a salt (e.g., NaOH or HCl): which can affect pH.
- Adding a weak acid or base: which may contribute to buffer capacity.
- Adding another compound: which might not directly affect pH but could participate in other
reactions.

Given the magnitude (0.339 mol) relative to initial quantities (~0.4 mol of HNO₂ and ~0.3 mol of
NO₂⁻), this is a significant addition, likely capable of substantially altering the solution’s pH or
chemical dynamics. For comprehensive analysis, let's consider the most impactful scenarios,
focusing on acid or base addition.

---

Scenario 1: Addition of a Strong Base (e.g., NaOH)

Suppose the added substance is sodium hydroxide (\(\mathrm{NaOH}\)), delivering 0.339 mol of



\(\mathrm{OH}^-\). Since the solution contains:

- 0.411 mol HNO₂
- 0.308 mol NO₂⁻

The \(\mathrm{OH}^-\) will react predominantly with the weak acid HNO₂:

\[
\mathrm{HNO_2} + \mathrm{OH}^- \rightarrow \mathrm{NO_2}^- + \mathrm{H_2O}
\]

The reaction consumes HNO₂ and produces NO₂⁻, shifting the equilibrium. Let’s analyze the extent
of this change.

Calculations:

- Initial HNO₂: 0.411 mol
- Initial NO₂⁻: 0.308 mol
- Added \(\mathrm{OH}^-\): 0.339 mol

The \(\mathrm{OH}^-\) will react with HNO₂:

- HNO₂ consumed: 0.339 mol
- NO₂⁻ produced: 0.339 mol

Remaining HNO₂:

\[
0.411 - 0.339 = 0.072\, \mathrm{mol}
\]

Remaining NO₂⁻:

\[
0.308 + 0.339 = 0.647\, \mathrm{mol}
\]

The new concentrations (assuming total volume remains approximately 1 L):

- \([\mathrm{HNO_2}]\) ≈ 0.072 M
- \([\mathrm{NO_2}^-]\) ≈ 0.647 M

Applying the Henderson-Hasselbalch equation again:

\[
\mathrm{pH} = 3.35 + \log \left( \frac{0.647}{0.072} \right) \approx 3.35 + \log(8.99) \approx 3.35
+ 0.954 \approx 4.30
\]

Result: The pH increases significantly from approximately 3.23 to 4.30, indicating a shift toward a
less acidic environment. The addition of \(\mathrm{OH}^-\) effectively neutralizes a large portion of



the weak acid, increasing the ratio of conjugate base to acid and thus elevating the pH.

---

Scenario 2: Addition of a Strong Acid (e.g., HCl)

Alternatively, if the added substance is hydrochloric acid (\(\mathrm{HCl}\)), also supplying 0.339
mol, the scenario is reversed:

- \(\mathrm{HCl}\) will react with \(\mathrm{NO_2}^-\), converting it into HNO₂:

\[
\mathrm{NO_2}^- + \mathrm{H}^+ \rightarrow \mathrm{HNO_2}
\]

Calculations:

- Initial NO₂⁻: 0.308 mol
- HCl added: 0.339 mol

Since more HCl is added than initial NO₂⁻, all NO₂⁻ will be consumed:

- Remaining NO₂⁻: 0 mol
- HNO₂ formed: initial 0.411 mol + 0.308 mol (from conversion) = 0.719 mol

The excess HCl (0.339 - 0.308 = 0.031 mol) remains unreacted, contributing additional
\(\mathrm{H}^+\).

The new conditions:

- HNO₂: 0.719 mol
- Remaining \(\mathrm{H}^+\): about 0.031 mol (from excess HCl)

The pH calculation:

\[
\mathrm{pH} \approx -\log(0.031) \approx 1.51
\]

The solution becomes strongly acidic, with pH dropping well below the initial value, illustrating how
the addition of strong acid can drastically shift the equilibrium.

---

Implications and Practical Applications

The
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