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Creating a buffer solution with a precise pH is a fundamental skill in
chemistry, often essential in laboratory experiments, industrial processes,
and biological systems. In this article, we will explore how to determine the
optimal ratio of sodium cyanide (NaCN) to hydrocyanic acid (HCN) required to
prepare a buffer with a pH of 10.20, given the acid dissociation constant
(Ka) of HCN as 4.9 × 10^(-10). We will delve into the principles of buffer
systems, the relevant chemical equations, and step-by-step calculations to
achieve the desired pH.

Understanding Buffer Systems and Their
Components

What Is a Buffer Solution?
A buffer solution is a mixture of a weak acid and its conjugate base or a
weak base and its conjugate acid. It resists changes in pH upon the addition
of small amounts of strong acids or bases. This property makes buffers
invaluable in maintaining stable pH conditions in various chemical and
biological contexts.

Components of the Buffer in Question
In our scenario, the buffer consists of:
- Hydrocyanic acid (HCN): a weak acid.
- Sodium cyanide (NaCN): the salt providing the conjugate base (CN^-).

The acid-base equilibrium involved is:
\[ \text{HCN} \rightleftharpoons \text{H}^+ + \text{CN}^- \]

Adding NaCN increases the concentration of CN^- ions, shifting the
equilibrium and affecting the pH.

The Relationship Between pH, Ka, and the Buffer
Components

The Henderson-Hasselbalch Equation
The pH of a buffer solution is related to the concentrations of the weak acid
and its conjugate base via the Henderson-Hasselbalch equation:



\[ pH = pK_a + \log \left( \frac{[\text{A}^-]}{[\text{HA}]} \right) \]

Where:
- \( pK_a \) is the negative logarithm of the acid dissociation constant
(Ka),
- \([A^-]\) is the concentration of the conjugate base,
- \([HA]\) is the concentration of the weak acid.

For HCN:
\[ pK_a = -\log(4.9 \times 10^{-10}) \]

Calculating \( pK_a \):
\[ pK_a = -\log(4.9) + 10 \]
\[ pK_a \approx -0.690 + 10 \]
\[ pK_a \approx 9.31 \]

Thus, the pK_a of HCN is approximately 9.31.

Target pH and the Buffer Composition
Given the desired pH:
\[ pH = 10.20 \]

Applying the Henderson-Hasselbalch equation:
\[ 10.20 = 9.31 + \log \left( \frac{[\text{CN}^-]}{[\text{HCN}]} \right) \]

Rearranged:
\[ \log \left( \frac{[\text{CN}^-]}{[\text{HCN}]} \right) = 10.20 - 9.31 =
0.89 \]

Exponentiating both sides:
\[ \frac{[\text{CN}^-]}{[\text{HCN}]} = 10^{0.89} \approx 7.76 \]

This ratio indicates that, to achieve a pH of 10.20, the concentration of
CN^- must be approximately 7.76 times that of HCN.

Calculating the Required Ratios and
Concentrations

Determining the Ratio of NaCN to HCN
Since NaCN provides CN^- ions, its amount relative to HCN determines the
buffer pH.

- The ratio:
\[ \frac{[\text{CN}^-]}{[\text{HCN}]} \approx 7.76 \]

- To prepare a specific buffer, choose total concentrations based on
practical considerations, then adjust the ratios accordingly.



Practical Approach for Preparing the Buffer
Suppose you want the total buffer concentration to be 1.0 M for simplicity.
You can set:
- \([HCN] = x\)
- \([CN^-] = 7.76x\)

Total concentration:
\[ [\text{Total}] = [HCN] + [CN^-] = x + 7.76x = 8.76x \]

If:
\[ 8.76x = 1.0\, \text{M} \]
\[ x = \frac{1.0}{8.76} \approx 0.114\, \text{M} \]

Thus:
- \([HCN] \approx 0.114\, \text{M}\)
- \([CN^-] \approx 0.883\, \text{M}\)

In practice, to prepare 1 liter of buffer:
- Dissolve approximately 0.114 mol of HCN.
- Add enough NaCN to provide approximately 0.883 mol of CN^- ions.

Note: The actual mass of each compound can be calculated using their molar
masses:
- Molar mass of HCN ≈ 27.03 g/mol
- Molar mass of NaCN ≈ 49.01 g/mol

Mass calculations:
- HCN: \( 0.114\, \text{mol} \times 27.03\, \text{g/mol} \approx 3.08\,
\text{g} \)
- NaCN: \( 0.883\, \text{mol} \times 49.01\, \text{g/mol} \approx 43.22\,
\text{g} \)

Dissolve these in water to prepare 1 liter of buffer solution.

Additional Considerations and Safety
Precautions

Safety Concerns with Cyanide Compounds
Both HCN and NaCN are highly toxic substances. Proper safety protocols must
be followed:
- Conduct all procedures in a well-ventilated fume hood.
- Wear appropriate protective equipment, including gloves and eye protection.
- Handle with care, avoiding inhalation or skin contact.
- Dispose of waste solutions according to hazardous waste regulations.

Adjusting Concentrations for Different Buffer
Strengths
Depending on the application, you might need a different total concentration
or pH. Adjust the ratios accordingly using the Henderson-Hasselbalch
equation.



Summary of Key Steps
1. Calculate \( pK_a \) of HCN from its Ka:
\[ pK_a = -\log(4.9 \times 10^{-10}) \approx 9.31 \]
2. Determine the ratio of conjugate base to acid for the desired pH:
\[ \frac{[\text{CN}^-]}{[\text{HCN}]} = 10^{(pH - pK_a)} \]
\[ \approx 10^{(10.20 - 9.31)} \approx 7.76 \]
3. Decide on the total concentration of the buffer.
4. Calculate individual concentrations based on the ratio.
5. Prepare the solution by dissolving the respective amounts of HCN and NaCN.

Conclusion
To prepare a buffer at pH 10.20 using HCN and NaCN, the key is to understand
the relationship between the components, their dissociation constant, and the
desired pH. The critical step involves calculating the ratio of conjugate
base to weak acid using the Henderson-Hasselbalch equation, which in this
case is approximately 7.76. Ensuring precise measurements and safe handling
practices, you can tailor the concentrations of HCN and NaCN to create an
effective buffer solution suited for your specific applications.

Always remember that working with toxic chemicals like HCN and NaCN requires
strict adherence to safety guidelines and proper laboratory protocols. With
careful calculations and safety considerations, preparing a high-precision
buffer is achievable for various scientific needs.

Frequently Asked Questions

How do I calculate the required ratio of NaCN to HCN
to prepare a buffer at pH 10.20?

Use the Henderson-Hasselbalch equation: pH = pKa + log([A-]/[HA]). Rearranged
to find the ratio: [A-]/[HA] = 10^(pH - pKa). Given pKa = -log(Ka) = -
log(4.9×10^-5) ≈ 4.31, so ratio = 10^(10.20 - 4.31) ≈ 10^5.89 ≈ 7.76 × 10^5.
Therefore, the concentration of NaCN (A-) should be approximately 776,000
times that of HCN (HA).

What is the significance of the pKa value of HCN in
preparing a buffer at pH 10.20?

The pKa indicates the pH at which the acid and its conjugate base are in
equal concentration. Since HCN has a pKa of about 4.91, which is much lower
than 10.20, the buffer will predominantly consist of the conjugate base (CN-)
with very little HCN, requiring a high NaCN to HCN ratio to achieve the
desired pH.

Can HCN act as a buffer at pH 10.20 given its pKa of
4.9?

No, HCN's pKa of 4.9 is far below pH 10.20. To buffer at pH 10.20, you need
the conjugate base (CN-) to dominate. This requires a very high ratio of NaCN
to HCN, making HCN itself insufficient as the buffering agent without
significant conjugate base presence.



What concentrations of NaCN and HCN are needed to
prepare a pH 10.20 buffer?

Assuming a total buffer concentration, you can calculate the ratio of NaCN to
HCN using the Henderson-Hasselbalch equation. For example, if the total
concentration is 1 M, then [A-]/[HA] ≈ 7.76×10^5. So, [NaCN] ≈ 7.76×10^5 ×
[HCN], meaning almost all of the buffer should be in the form of NaCN with a
tiny amount of HCN.

Why is the ratio of NaCN to HCN so high for a buffer
at pH 10.20?

Because the pKa of HCN (4.9) is much lower than the target pH, most of the
acid must be in its conjugate base form (CN-) to raise the pH. This results
in a very high ratio of conjugate base to acid, approximately 7.76×10^5:1, to
achieve the desired pH.

Is it practical to prepare a buffer with such a high
NaCN to HCN ratio?

Practically, preparing a buffer with such a high ratio is challenging because
it requires extremely dilute HCN and very high concentrations of NaCN, which
may pose safety and handling concerns. Typically, buffers with such high
ratios are not practical; alternative buffering systems with closer pKa
values to the desired pH are usually preferred.

Additional Resources
What Ratio Of NaCN To HCN Is Needed To Prepare A pH 10.20 Buffer? (Ka Of HCN
Is 4.9 × 10⁻⁹)

Creating a buffer solution with a specific pH requires a precise
understanding of the relationship between the acid and its conjugate base. In
this case, the question centers on determining the ratio of sodium cyanide
(NaCN), the conjugate base, to hydrocyanic acid (HCN), the weak acid,
necessary to achieve a pH of 10.20, given that the acid dissociation constant
(Ka) for HCN is 4.9 × 10⁻⁹. Buffer solutions are essential in various
chemical, biological, and industrial processes because they resist changes in
pH when small amounts of acids or bases are added.

This article explores the fundamental principles behind buffer preparation,
delves into the calculations needed to determine the appropriate NaCN to HCN
ratio, discusses the practical considerations, and highlights the features
and limitations of such buffers.

---

Understanding the Fundamentals of Buffer
Solutions



What Is a Buffer Solution?
A buffer solution is a mixture of a weak acid and its conjugate base or a
weak base and its conjugate acid. It maintains a relatively constant pH over
a range of added acids or bases. The weak acid/base pair works collectively
to neutralize any added H⁺ or OH⁻ ions, thereby stabilizing the pH.

The Henderson-Hasselbalch Equation
The key to calculating the ratio of conjugate base to weak acid in a buffer
is the Henderson-Hasselbalch equation:

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

where:
- \( pK_a \) is the negative base-10 logarithm of the acid dissociation
constant \( K_a \),
- \([\text{Base}]\) is the molar concentration of the conjugate base (NaCN),
- \([\text{Acid}]\) is the molar concentration of the weak acid (HCN).

This equation facilitates the calculation of the necessary ratio of base to
acid to achieve a desired pH.

---

Calculating the \( pK_a \) of HCN

Given:
\[ K_a = 4.9 \times 10^{-9} \]

The \( pK_a \) is computed as:

\[ pK_a = -\log K_a = -\log (4.9 \times 10^{-9}) \]

Breaking it down:

\[ pK_a = -(\log 4.9 + \log 10^{-9}) \]
\[ pK_a = -(\log 4.9 - 9) \]
\[ \log 4.9 \approx 0.690 \]
\[ pK_a = -(0.690 - 9) = 8.310 \]

Therefore,

\[ pK_a \approx 8.31 \]

This value indicates that HCN is a weak acid with a relatively high \( pK_a
\), which influences the ratio of base to acid needed to reach a pH of 10.20.

---

Determining the NaCN to HCN Ratio for pH 10.20



Applying the Henderson-Hasselbalch Equation

Rearranged for the ratio:

\[ \frac{[\text{Base}]}{[\text{Acid}]} = 10^{pH - pK_a} \]

Plugging in the known values:

\[ \frac{[\text{NaCN}]}{[\text{HCN}]} = 10^{10.20 - 8.31} \]
\[ \frac{[\text{NaCN}]}{[\text{HCN}]} = 10^{1.89} \]

Calculating:

\[ 10^{1.89} \approx 10^{1} \times 10^{0.89} \]
\[ \approx 10 \times 7.76 \]
\[ \approx 77.6 \]

Thus, the molar ratio of NaCN to HCN should be approximately 77.6:1.

This indicates that to prepare a buffer with a pH of 10.20, the solution must
contain roughly 77.6 times more NaCN (the conjugate base) than HCN (the weak
acid).

---

Practical Considerations in Buffer Preparation

Concentration of the Buffer Components
While the ratio provides the relative amounts of acid and base, the total
molar concentrations influence the buffer capacity—the ability to resist pH
change. For instance:

- A typical buffer might have total concentrations of 0.1 M HCN and 7.76 M
NaCN, which might be impractical due to solubility limits or safety concerns.
- Adjusting total concentrations to more manageable levels (e.g., 0.01 M HCN
and 0.776 M NaCN) can be more feasible.

Preparation Steps
1. Calculate the required moles based on the desired volume and
concentration.
2. Prepare a solution of HCN at the specified concentration.
3. Add NaCN gradually while monitoring pH until the target pH of 10.20 is
reached.
4. Adjust volume with distilled water if necessary, ensuring the ratio
remains consistent.

Safety Precautions
HCN is highly toxic, and handling it requires strict safety measures,
including working in a fume hood and using proper protective equipment. NaCN
is also hazardous, so proper disposal and safety protocols are essential.



---

Features and Limitations of the Prepared Buffer

Features
- High Buffer Capacity at High pH: Due to the large ratio of conjugate base
to acid, the buffer can effectively resist pH changes even with added acids
or bases.
- Suitable for specific applications: Particularly in analytical chemistry
where precise pH control at alkaline pH is needed.

Limitations
- Limited pH Range: The buffer is most effective around its pKa; at pH much
higher than 8.31, the effectiveness diminishes.
- Chemical Stability: NaCN can decompose or react under certain conditions,
affecting buffer stability.
- Safety Risks: Handling HCN and NaCN poses significant health risks,
limiting practical lab applications.

---

Alternative Approaches and Considerations

- Adjusting pH: If the desired pH is outside the effective buffering range,
choosing alternative acids/bases with different \( pK_a \) values might be
necessary.
- Using Different Buffer Systems: Phosphate or borate buffers might be more
practical for pH around 10, depending on the application.
- pH Titration: For precise control, titrating a known amount of NaOH into a
HCN solution can help achieve the target pH directly, considering the
calculated ratio.

---

Conclusion

To prepare a buffer solution with a pH of 10.20 using HCN and NaCN, the key
is understanding the relationship outlined by the Henderson-Hasselbalch
equation. Given the \( pK_a \) of HCN as approximately 8.31, the ratio of
NaCN to HCN must be about 77.6:1. This high ratio reflects the need for a
dominant conjugate base to maintain such an alkaline pH. Practical
preparation involves careful calculation, safety precautions, and
consideration of buffer capacity and stability. While effective, this buffer
system's limitations underscore the importance of selecting appropriate
buffer components aligned with the intended application.

In conclusion, understanding the chemistry behind buffer systems not only
allows for precise pH adjustments but also highlights the importance of



chemical properties, safety, and practical constraints in laboratory
preparation and application.
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