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Understanding the pH of buffer solutions is fundamental in chemistry, especially for applications in
biological systems, industrial processes, and laboratory experiments. In this article, we explore the
pH of a buffer solution composed of ammonia (NHs) and ammonium chloride (NH4Cl). We will
analyze how adding 2 mL of a specific solution influences the pH, providing a comprehensive
explanation with calculations and relevant concepts.

Introduction to Buffer Solutions

What Is a Buffer?

A buffer is a solution that can resist significant changes in pH when small amounts of an acid or base
are added. Buffers typically consist of a weak acid and its conjugate base or a weak base and its
conjugate acid.

Components of Our Buffer System

- Ammonia (NHz): A weak base
- Ammonium chloride (NH4Cl): The salt of the weak base, providing the conjugate acid

This combination forms an effective buffer within a certain pH range, primarily around the pKa of
the weak acid/base pair.

Understanding the Chemistry of NHs/NH41* Buffer
System

Equilibrium Reaction

The primary reaction governing this buffer is:
\[ \mathrm{NH 3 + H 20 \leftrightarrow NH 4™+ + OH"-} \]



Relevant Constants

- K b of NHs: approximately \( 1.8 \times 10" {-5} \)
- pK a of NHa4*: approximately 9.25 (since \( pK a = 14 - pK b ))))

These constants help us determine the pH of the buffer.

Calculating the pH of the Buffer

Step 1: Determine the pKa of the Acid Component
\[pK a = 9.25\]

Step 2: Use the Henderson-Hasselbalch Equation
The pH of a buffer is given by:

\[
pH = pK a + \log \left( \frac{[\text{Base}]}{[\text{Acid}]} \right)
\]

In this case:
- Base: \(\mathrm{NH 3}\) (0.25 M)
- Acid: \(\mathrm{NH 4"+}\) (from NH4Cl, 0.45 M)

\[
pH = 9.25 + \log \left( \frac{0.25}{0.45} \right)
\]

Calculating the ratio:

\[
\frac{0.25}{0.45} \approx 0.5556

\]

Calculating the logarithm:
\[

\log(0.5556) \approx -0.255
\]

Finally:

\[

pH \approx 9.25 - 0.255 = 8.995
\]

Therefore, the initial pH of the buffer is approximately 8.99.



Impact of Adding 2 mL of an Unknown Solution

Understanding the Problem

The question references adding 2 mL of an unspecified solution—likely an acid or base—yet the
concentration or nature of this solution isn't provided. For a complete analysis, assumptions are
necessary.

Assumption: Let's assume the added solution is 0.1 M HCI (a common acid), which will influence the
pH by increasing the \(\mathrm{H"+}\) concentration.

Step 1: Calculate the moles of HCI added

- Volume of HCl: 2 mL = 0.002 L
- Concentration: 0.1 M

\[
\text{Moles of HC1} = 0.1 \times 0.002 = 2 \times 10" {-4} \text{ mol}

\]

Step 2: Determine the effect on the buffer

- Initial moles of NHa:

\[
0.25\, \text{mol/L} \times \text{total volume}

\]

- Initial moles of NHa*:

\[
0.45\, \text{mol/L} \times \text{total volume}

\]

Assuming the total volume before addition is known; for simplicity, let's assume the total volume is 1
L for straightforward calculation.

- Moles of NHs:

\[
0.25\, \text{mol}

\]

- Moles of NHa*:



\[
0.45\, \text{mol}

\]

- The addition of HCI introduces \(\mathrm{H" +}\) ions, which will react with \(\mathrm{NH 3}\) to
form \(\mathrm{NH 4"~ +}\).

Reaction:

\[

\mathrm{NH 3 + H”+ \rightarrow NH 4" +}
\]

- The \(\mathrm{H" +}\) moles (from HCI): \(2 \times 10" {-4}\) mol
- New moles of NHs:

\[
0.25 - 2 \times 10" {-4} = 0.2498)\, \text{mol}
\]

- New moles of NHa*:

\[
0.45 + 2 \times 10" {-4} = 0.4502\, \text{mol}
\]

Step 3: Recalculate the pH using Henderson-Hasselbalch

\[
pH = 9.25 + \log \left( \frac{0.2498} {0.4502} \right)

\]

Calculating the ratio:

\[

\frac{0.2498}{0.4502} \approx 0.555
\]

\[

\log(0.555) \approx -0.255

\]

Thus:

\[

pH \approx 9.25 - 0.255 = 8.995
\]

Observation: The pH change is minimal because the added acid is small relative to the buffer
capacity.



Summary and Practical Implications

Key Takeaways

- The initial pH of the buffer containing 0.25 M NHs and 0.45 M NH4Cl is approximately 8.99,
calculated via the Henderson-Hasselbalch equation.

- Adding a small volume (2 mL) of a dilute acid like 0.1 M HCI causes a negligible change in pH,
demonstrating the buffer's capacity.

- Significant pH shifts would require larger quantities or more concentrated acids/bases.

Factors Affecting Buffer pH

e Concentrations of weak acid and conjugate base
e Volume of added acid or base
e Nature and strength of the added solution

e Temperature, which can influence equilibrium constants

Conclusion

Understanding the pH of buffer solutions like NH3/NHa4Cl is vital for their effective application in
various scientific fields. By applying the Henderson-Hasselbalch equation with known
concentrations, we can accurately determine the initial pH and predict how it responds to the
addition of acids or bases. In our example, the buffer exhibits a pH close to 9, demonstrating its
suitability for processes requiring slightly alkaline conditions. Small additions of acid, such as 2 mL
of dilute HCI, have minimal impact, showcasing the buffer's resilience—a critical aspect in
maintaining stable pH environments.

Note: For precise calculations in real-world scenarios, always consider the exact initial volume of the
buffer solution, the concentration and volume of added substances, and temperature effects.

Frequently Asked Questions

What is the pH of a buffer solution containing 0.25 M NHs and



0.45 M NH.4CI?

The pH can be calculated using the Henderson-Hasselbalch equation: pH = pKa + log([base]/[acid]).
For NHs/NH4*, pKa = 9.25. Plugging in the values: pH = 9.25 + 10g(0.25/0.45) = 9.25 + log(0.555) =
9.25-0.255 = 8.995. So, the pH is approximately 9.00.

How does adding 2 mL of a solution affect the pH of the buffer
containing NHs and NH4CI?

Adding 2 mL of a solution can alter the pH depending on the concentration and nature of the added
solution. If it's an acid or base, it may shift the equilibrium, changing the pH slightly. To determine
the exact change, the concentration and volume of the added solution must be considered in the
context of the buffer's capacity.

What is the role of NH4Cl in the buffer solution with NHs?

NH.CI provides the conjugate acid (NH4*) in the buffer, which reacts with added bases, helping to
maintain a stable pH by neutralizing excess OH~ ions, thus acting as a pH stabilizer.

Can the pH of the NH3/NH4Cl buffer be changed significantly
by adding small volumes of acid or base?

Small additions of acid or base typically cause minimal pH change due to the buffer's capacity.
However, significant volume or concentration changes can overcome the buffer capacity, resulting in
noticeable pH shifts.

What is the significance of the pKa value in determining the
pH of an ammonium buffer?

The pKa value indicates the pH at which the acid and conjugate base are in equal concentrations.
For the NHs/NHa* buffer, a pKa of approximately 9.25 helps determine the buffer's pH range and
how effective it is at resisting pH changes near this value.

How do you calculate the pH of the buffer after adding a
certain volume of solution, like 2 mL, to the mixture?

To calculate the new pH, determine the moles of each component before and after addition, account
for the volume change, and use the Henderson-Hasselbalch equation. This involves updating
concentrations based on the added volume and then calculating the pH accordingly.

Additional Resources
What Is The pH Of A Buffer Containing 0.25 M NHs And 0.45 M NH4CI?

Understanding the pH of a buffer solution composed of ammonia (NHs) and ammonium chloride
(NH4Cl) is fundamental in fields spanning chemistry, biology, environmental science, and industrial



processes. This article delves into the principles governing buffer systems, provides detailed
calculations to determine the initial pH, explores the effects of adding acids or bases, and discusses
practical considerations for laboratory and real-world applications.

Introduction to Buffer Systems

Buffers are solutions that resist changes in pH when small amounts of acids or bases are added.
They are vital in maintaining stable pH conditions necessary for biological functions, chemical
reactions, and industrial processes. Typically, a buffer comprises a weak acid and its conjugate base
or a weak base and its conjugate acid.

In this case, the buffer is made from ammonia (NHz), a weak base, and ammonium chloride (NH4Cl),

its conjugate acid. When these are present together, they establish a dynamic equilibrium that can
neutralize added acids or bases, maintaining a relatively constant pH.

Components of the Buffer Solution

The given buffer contains:

- Ammonia (NHs): 0.25 M, acting as the weak base.
- Ammonium chloride (NH4Cl): 0.45 M, providing the conjugate acid (NHa*).

The solution's initial pH depends on the relative concentrations and the acid-base properties of these
components, governed primarily by their dissociation constants.

Theoretical Foundations: Acid-Base Equilibria and pKa

To determine the pH of the buffer, we utilize the Henderson-Hasselbalch equation:
pH = pKa + log \(\frac{[\text{Base}]} {[\text{Acid}]}\)

Where:

- pKa is the negative logarithm of the acid dissociation constant (Ka) of NHa*.
- [Base] is the concentration of NHs.
- [Acid] is the concentration of NHa4*.



Finding the pKa of Ammonium

The relation between pKa and pKb for conjugate acid-base pairs is:
pKa + pKb = 14
For ammonia:

- pKb of NHs: approximately 4.75
- Therefore,

pKa of NHa* = 14 - 4.75 = 9.25

This value indicates that NH4* is a weak acid with a pKa of about 9.25 at 25°C.

Calculating the Initial pH of the Buffer

Using the Henderson-Hasselbalch equation:
pH = 9.25 + log \(\frac{0.25}{0.45}\)

Calculating the ratio:
-\(\frac{0.25}{0.45} \approx 0.5556\)
Taking the logarithm:

-\(\log 0.5556 \approx -0.255\)
Therefore:

pH = 9.25-0.255 = 8.995

Result: The initial pH of the buffer solution is approximately 8.99.

Effect of Adding 2 mL of Acid or Base

The problem states: "What is the pH if I add 2 mL of..." — although the specific acid or base isn't
specified in the prompt, typical extensions involve adding a known volume of an acid (e.g., HCI) or
base (e.g., NaOH). Here, we explore the impact of adding 2 mL of a strong acid or base to the buffer,



assuming a known concentration, to illustrate the buffer's capacity and pH change.

Assumptions for Calculation

- Concentration of added acid/base: Let's assume 0.1 M HCl or 0.1 M NaOH.
- Total volume of the buffer: For simplicity, consider the initial volume as 1 L, with the addition of 2
mL (0.002 L).

Calculating Moles of Added Acid/Base

- Moles of acid added:

\(\text{Moles} = \text{Concentration} \times \text{Volume}\)

- For 0.1 M HCL:

\(\text{Moles} = 0.1\, \text{mol/L} \times 0.002 \, \text{L} = 2 \times 10"~ {-4} \text{ mol}\)

Similarly, for NaOH, the same calculation applies.

Impact on the Buffer System

The buffer system will respond to the added acid or base as follows:

- Adding acid (HCI): The H* ions will react with NHs (the base component), converting it into NHa*.
- Adding base (NaOH): OH- ions will react with NHa4* (the acid component), converting it into NHs.

Case 1: Adding 2 mL of 0.1 M HCI

- Moles of NHs initially:
\(0.25\, \text{mol/L} \times 1\, \text{L} = 0.25\, \text{mol}\)

- Moles of NH4" initially:



\(0.45\, \text{mol/L} \times 1\, \text{L} = 0.45\, \text{mol}\)

Post addition:

- NHs reacts with acid:

\(\text{New moles of NH} 3 = 0.25 - 2 \times 10" {-4} = 0.2498), \text{mol}\)

- NH4* increases:

\(\text{New moles of NH} 4™+ = 0.45 + 2 \times 10~ {-4} = 0.4502), \text{mol}\)
- New concentrations (assuming total volume = 1 L + negligible volume change):

\[

[\text{NH} 3]\approx 0.2498\, \text{M}

\]

\[

[\text{NH} 4”~+]\approx 0.4502\, \text{M}
\]

- New pH:

\[
pH = 9.25 + \log \left( \frac{0.2498}{0.4502} \right)
\]

\[
\approx 9.25 + \log (0.555) \approx 9.25 - 0.255 = 8.995
\]

Observation: The pH remains approximately 8.99, demonstrating the buffer's capacity to resist pH
change after addition of a small amount of acid.

Case 2: Adding 2 mL of 0.1 M NaOH

- Moles of OH:

\[
0.1\, \text{mol/L} \times 0.002\, \text{L} = 2 \times 10" {-4}\, \text{mol}
\]

- Reaction:

\[
\text{NH} 4™+ + \text{OH} - \rightarrow \text{NH} 3 + \text{H} 20
\]



- Updated moles:

\[

\text{NH} 4™+ = 0.45 - 2 \times 10" {-4} = 0.4498\, \text{mol}
\]

\[

\text{NH} 3 = 0.25 + 2 \times 10" {-4} = 0.2502), \text{mol}
\]

- Concentrations:

\[

[\text{NH} 3]\approx 0.2502\, \text{M}

\]

\[

[\text{NH} 47+]\approx 0.4498\, \text{M}
\]

- New pH:

\[

pH = 9.25 + \log \left( \frac{0.2502} {0.4498} \right) \approx 9.25 + \log(0.556) \approx 9.25 - 0.255
= 8.995

\]

Again, the pH remains nearly unchanged, exemplifying the buffer's effectiveness.

Real-World Applications and Practical Considerations

Understanding the buffer capacity of NH3s/NH4Cl solutions is essential in various contexts:

- Biological systems: Maintaining cellular pH within narrow limits.
- Industrial processes: pH regulation during manufacturing
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