
You Would Like To Make A Phosphate
Buffer With A PH Of 7.40 Using
Phosphoric Acid (H3PO4) Or Its
Conjugate
You Would Like To Make A Phosphate Buffer With A PH Of 7.40 Using Phosphoric
Acid (H3PO4) Or Its Conjugate

Creating a phosphate buffer at a precise pH of 7.40 is a common requirement
in biological, chemical, and industrial laboratories. Such buffers are
essential for maintaining a stable pH environment during experiments or
processes that are sensitive to pH variations. In this article, we will
explore the principles behind phosphate buffer preparation, methods using
phosphoric acid (H₃PO₄) or its conjugate bases, and practical steps to
achieve an accurate pH of 7.40. Whether you're a student, researcher, or
industry professional, understanding these concepts will help you prepare
reliable and effective phosphate buffers.

Understanding Phosphate Buffers

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 significant changes in pH when
small amounts of acids or bases are added. This property is vital in many
biochemical and chemical applications to maintain optimal conditions for
reactions or biological functions.

Why Use Phosphate Buffers?
Phosphate buffers are widely used because they are biologically compatible,
chemically stable, and have a pKa close to physiological pH (~7.2). They are
ideal for cell culture, enzyme activity studies, and molecular biology
protocols such as DNA extraction and PCR.

Principles of Preparing a Phosphate Buffer at
pH 7.40



Key Concepts
- Buffer Components: Typically, a phosphate buffer involves a mixture of
dihydrogen phosphate (H₂PO₄⁻) and hydrogen phosphate (HPO₄²⁻).
- pKa Values: The phosphate buffer system has three pKa values: approximately
2.15, 7.20, and 12.35. The pKa around 7.20 is most relevant for preparing a
buffer near pH 7.40.
- Henderson-Hasselbalch Equation: This fundamental equation relates pH, pKa,
and the ratio of conjugate base to acid:

pH = pKa + log([A⁻]/[HA])

where [A⁻] is the concentration of the conjugate base, and [HA] is the
concentration of the weak acid.

Choosing the Right Components
To prepare a buffer at pH 7.40:
- Use phosphoric acid (H₃PO₄) as the weak acid.
- Use its conjugate bases (H₂PO₄⁻ and HPO₄²⁻) as buffering agents.
- Adjust the ratio of these species to achieve the desired pH.

Preparing the Phosphate Buffer Using Phosphoric
Acid (H₃PO₄)

Materials Needed
- Phosphoric acid (H₃PO₄), usually concentrated (e.g., 85% or 85% w/w)
- Sodium dihydrogen phosphate (NaH₂PO₄)
- Disodium hydrogen phosphate (Na₂HPO₄)
- Distilled water
- pH meter
- Volumetric flask
- Beakers and pipettes

Step-by-Step Procedure

1. Calculate the Required Ratios:
Using the Henderson-Hasselbalch equation:

pH = pKa + log([A⁻]/[HA])

For pH 7.40 and pKa ≈ 7.20:

7.40 = 7.20 + log([HPO₄²⁻]/[H₂PO₄⁻])



log([HPO₄²⁻]/[H₂PO₄⁻]) = 0.20

[HPO₄²⁻]/[H₂PO₄⁻] ≈ 1.58

This means the conjugate base (HPO₄²⁻) should be roughly 1.58 times the acid
form (H₂PO₄⁻).

2. Prepare Stock Solutions:
- Dissolve an appropriate amount of NaH₂PO₄ and Na₂HPO₄ in distilled water to
create stock solutions, typically at known molarities (e.g., 0.1 M).

3. Mixing the Solutions:
- Combine the stock solutions in proportions calculated to achieve the molar
ratio of approximately 1.58:1 (HPO₄²⁻ to H₂PO₄⁻).

4. Adjusting the pH:
- Measure the pH of the mixture using a calibrated pH meter.
- If necessary, add small amounts of H₃PO₄ to lower the pH or NaOH to raise
it until the pH reaches exactly 7.40.

5. Dilution:
- Once the correct ratio and pH are achieved, dilute the solution to the
desired final volume with distilled water.

6. Final pH Check:
- Re-measure the pH to confirm it remains stable at 7.40.
- Store the buffer at appropriate conditions, usually refrigerated if not
used immediately.

Note:
- Using pure phosphoric acid allows precise control over the pH, but care
must be taken to handle concentrated acid safely.
- The buffer's ionic strength and stability depend on the concentrations of
the phosphate salts used.

Alternative Method: Using Only Phosphoric Acid
and Adjusting pH

If you prefer to prepare the buffer directly from phosphoric acid, follow
these steps:

1. Dilute Phosphoric Acid:
- Dilute concentrated H₃PO₄ to a known molarity (e.g., 0.1 M).

2. Calculate the Required Volume:
- Use the Henderson-Hasselbalch equation to determine how much acid to dilute



and at what point to add the conjugate base.

3. Add Conjugate Base:
- Slowly add sodium dihydrogen phosphate or disodium hydrogen phosphate to
the diluted acid while continuously monitoring pH.

4. Adjust to pH 7.40:
- Fine-tune the pH by adding small amounts of sodium hydroxide or phosphoric
acid until you reach the target pH.

5. Dilution and Storage:
- Bring the solution to the final volume and store appropriately.

Best Practices for Preparing Phosphate Buffers

- Always calibrate your pH meter before use.
- Use high-quality reagents and distilled or deionized water.
- Add acid or base slowly and in small increments to avoid overshooting the
pH.
- Record the initial pH and final volume for reproducibility.
- Prepare fresh buffers when possible, or store at appropriate conditions to
prevent degradation.

Applications of Phosphate Buffer at pH 7.40

Phosphate buffers at pH 7.40 are pivotal in various fields:

- Molecular Biology: DNA and RNA extraction, PCR reactions.
- Cell Culture: Maintaining physiological pH for cell growth.
- Analytical Chemistry: Calibration standards and pH-dependent assays.
- Biochemistry: Enzyme activity studies, protein stability tests.
- Pharmaceuticals: Formulation of drugs requiring pH stability.

Conclusion

Making a phosphate buffer with a pH of 7.40 using phosphoric acid or its
conjugate forms involves understanding the chemistry of phosphate species and
applying the Henderson-Hasselbalch equation. By carefully calculating the
ratio of acid to conjugate base, accurately measuring pH, and following
precise procedures, you can prepare a reliable buffer suited for a wide range
of scientific applications. Remember, the key to success lies in meticulous
preparation, proper calibration, and attention to detail to ensure pH
stability and reproducibility.



Additional Tips and Resources
- Always use a calibrated pH meter and regularly check calibration standards.
- Use analytical-grade reagents to ensure purity.
- For more detailed calculations and buffer recipes, consult standard
laboratory manuals or chemical resources.
- Consider using buffer preparation software or online calculators for
precise ratios.

By mastering these methods, you'll be equipped to prepare high-quality
phosphate buffers tailored to your specific experimental needs, ensuring
consistent and accurate results in your scientific endeavors.

Frequently Asked Questions

How can I prepare a phosphate buffer with a pH of
7.40 using phosphoric acid?
To prepare a phosphate buffer at pH 7.40 using phosphoric acid, you should
mix appropriate amounts of monosodium phosphate (NaH₂PO₄) and disodium
phosphate (Na₂HPO₄) solutions. Adjust their concentrations to achieve the
desired pH, typically by calculating the ratio using the Henderson-
Hasselbalch equation.

What is the role of the conjugate base in making a
phosphate buffer at pH 7.40?
The conjugate base, in this case, disodium phosphate (Na₂HPO₄), helps
maintain the pH by neutralizing added acids or bases, thereby stabilizing the
pH around 7.40 in the buffer solution.

Can I use phosphoric acid directly to make a
phosphate buffer at pH 7.40?
While phosphoric acid can be used as a starting point, it is more effective
to prepare the buffer using its conjugate bases (NaH₂PO₄ and Na₂HPO₄) to
precisely control and maintain the pH at 7.40.

What is the Henderson-Hasselbalch equation and how
does it help in preparing a phosphate buffer?
The Henderson-Hasselbalch equation relates pH, pKa, and the ratio of
conjugate base to acid: pH = pKa + log([A−]/[HA]). It helps determine the
correct ratio of phosphate species needed to achieve the desired pH of 7.40.



What are the typical pKa values of phosphoric acid
relevant to preparing a pH 7.40 buffer?
Phosphoric acid has three pKa values: approximately 2.15, 7.20, and 12.35.
For a buffer at pH 7.40, the second pKa (~7.20) is most relevant, as it is
close to the target pH.

How do I calculate the amounts of NaH₂PO₄ and
Na₂HPO₄ needed for a 1-liter phosphate buffer at pH
7.40?
Use the Henderson-Hasselbalch equation with pKa ≈ 7.20: pH = 7.20 +
log([Na₂HPO₄]/[NaH₂PO₄]). Rearranged, [Na₂HPO₄]/[NaH₂PO₄] = 10^(pH - pKa) ≈
10^(0.20) ≈ 1.58. Calculate the molar amounts based on desired concentration
and prepare solutions accordingly.

What precautions should I take when preparing a
phosphate buffer at pH 7.40?
Ensure accurate pH measurement with a calibrated pH meter, use high-purity
reagents, accurately measure and mix the phosphate salts, and adjust volume
carefully. Also, handle acids and bases with appropriate safety precautions.

How stable is a phosphate buffer at pH 7.40 and how
should it be stored?
Phosphate buffers are generally stable at pH 7.40 if stored properly. Keep
the solution in a sealed container at room temperature, protected from light,
and avoid contamination to maintain stability.

Can I modify the pH of my phosphate buffer after
preparation?
Yes, you can adjust the pH by adding small amounts of acid (e.g., phosphoric
acid) to lower it or base (e.g., NaOH) to raise it. Always measure pH after
each addition to achieve the desired pH of 7.40.

Additional Resources
Making a Phosphate Buffer at pH 7.40 Using Phosphoric Acid or Its Conjugate

Creating a phosphate buffer at a precise pH of 7.40 is a fundamental task in
many biological, chemical, and pharmaceutical laboratories. The phosphate
buffer system is renowned for its excellent buffering capacity around
physiological pH, making it essential for experiments involving enzymes, cell
culture media, and biochemical assays. This comprehensive guide delves into



the principles behind preparing such a buffer, focusing on the use of
phosphoric acid (H₃PO₄) or its conjugate bases, primarily dihydrogen
phosphate (H₂PO₄⁻) and hydrogen phosphate (HPO₄²⁻).

---

Understanding the Phosphate Buffer System

The Chemistry of Phosphate Buffers

The phosphate buffer system is based on the weak acids and their conjugate
bases derived from phosphoric acid, which is a triprotic acid with the
following dissociation steps:

1. First dissociation:

H₃PO₄ ⇌ H⁺ + H₂PO₄⁻

2. Second dissociation:

H₂PO₄⁻ ⇌ H⁺ + HPO₄²⁻

3. Third dissociation:

HPO₄²⁻ ⇌ H⁺ + PO₄³⁻

For buffering near pH 7.40, the relevant equilibrium involves the H₂PO₄⁻ and
HPO₄²⁻ species because their pKa values are close to 7.2 and 12.3
respectively, with the second dissociation (pKa ≈ 7.2) being most pertinent.

Key pKa values:

| Dissociation | pKa value | Relevance to pH 7.40 |
|----------------|------------|----------------------|
| H₃PO₄ ⇌ H⁺ + H₂PO₄⁻ | 2.15 | Not relevant |
| H₂PO₄⁻ ⇌ H⁺ + HPO₄²⁻ | 7.20 | Highly relevant |
| HPO₄²⁻ ⇌ H⁺ + PO₄³⁻ | 12.35 | Less relevant |

Thus, the buffer at pH 7.4 primarily consists of the H₂PO₄⁻ / HPO₄²⁻ pair.

---

Choosing the Right Components for the Buffer



Using Phosphoric Acid (H₃PO₄)

Phosphoric acid can serve as the source of H₃PO₄ in the buffer preparation.
When dissolved in water, it provides the weak acid component. To achieve pH
7.40, you typically adjust the ratio of the conjugate base (HPO₄²⁻) to the
acid (H₂PO₄⁻) by adding a base such as sodium hydroxide (NaOH).

Advantages:
- Easy to handle and readily available.
- Can be used to titrate and adjust pH precisely.

Disadvantages:
- Requires careful titration to reach the desired pH.
- May produce slightly complex ionic strength considerations.

Using Its Conjugate Bases (H₂PO₄⁻ and HPO₄²⁻)

Alternatively, you can prepare a buffer directly using the conjugate bases
and acids:

- Sodium dihydrogen phosphate (NaH₂PO₄)
- Disodium hydrogen phosphate (Na₂HPO₄)

These salts are commonly used to prepare phosphate buffers because they are
stable, easy to weigh, and soluble.

Advantages:
- Simplifies pH adjustment.
- Widely used in laboratory protocols.

Disadvantages:
- Requires accurate weighing of salts.
- The pH depends on the ratio of these salts.

---

Calculating the Buffer Composition

The Henderson-Hasselbalch Equation

The fundamental equation for buffer pH calculation is:

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



\]

Where:
- [A⁻] is the concentration of the conjugate base (HPO₄²⁻).
- [HA] is the concentration of the weak acid (H₂PO₄⁻).
- pKa ≈ 7.20 for the H₂PO₄⁻ / HPO₄²⁻ equilibrium.

To prepare a buffer at pH 7.40:

\[
7.40 = 7.20 + \log \left( \frac{[\text{HPO}_4^{2-}]}{[\text{H}_2\text{PO}_4^-
]} \right)
\]

\[
\Rightarrow \log \left( \frac{[\text{HPO}_4^{2-}]}{[\text{H}_2\text{PO}_4^-]}
\right) = 0.20
\]

\[
\Rightarrow \frac{[\text{HPO}_4^{2-}]}{[\text{H}_2\text{PO}_4^-]} = 10^{0.20}
\approx 1.58
\]

This ratio indicates that for every 1 part of H₂PO₄⁻, you should have
approximately 1.58 parts of HPO₄²⁻.

---

Determining the Quantities of Salts

Suppose you want to prepare 1 liter of buffer at a total phosphate
concentration of 0.1 M for optimal buffering capacity:

- Let the amount of H₂PO₄⁻ be \( x \) mol.
- Then, HPO₄²⁻ will be \( 1.58x \) mol.
- Total molarity: \( x + 1.58x = 2.58x = 0.1 \)

\[
x = \frac{0.1}{2.58} \approx 0.0388\, \text{mol}
\]

- H₂PO₄⁻: 0.0388 mol
- HPO₄²⁻: \( 1.58 \times 0.0388 \approx 0.0612\, \text{mol} \)

Converting to grams:

- NaH₂PO₄ (MW ≈ 119.98 g/mol):



\[
0.0388\, \text{mol} \times 119.98\, \text{g/mol} \approx 4.66\, \text{g}
\]

- Na₂HPO₄ (MW ≈ 141.96 g/mol):

\[
0.0612\, \text{mol} \times 141.96\, \text{g/mol} \approx 8.69\, \text{g}
\]

Dissolve these quantities in about 800 mL of distilled water, adjust the pH
if necessary, and then bring the volume to 1 liter.

---

Preparing the Buffer Solution

Step-by-Step Protocol

1. Gather Materials:
- Sodium dihydrogen phosphate (NaH₂PO₄)
- Disodium hydrogen phosphate (Na₂HPO₄)
- Distilled or deionized water
- pH meter or pH indicator paper
- Volumetric flask (1 L)
- Analytical balance

2. Dissolve the Salts:
- Weigh out approximately 4.66 g of NaH₂PO₄.
- Weigh out approximately 8.69 g of Na₂HPO₄.
- Dissolve both in about 800 mL of distilled water in a beaker.

3. Mix and Measure pH:
- Stir the solution thoroughly.
- Measure the pH with a calibrated pH meter.

4. Adjust pH if Necessary:
- If the pH is below 7.40, add small aliquots of NaOH (e.g., 1 M solution) to
raise it.
- If above 7.40, add small amounts of dilute HCl.
- Continue until the pH stabilizes at 7.40.

5. Bring to Final Volume:
- Transfer the solution to a 1-liter volumetric flask.
- Add distilled water to reach exactly 1 liter.
- Mix thoroughly.



6. Final pH Check:
- Confirm the pH is still at 7.40.
- Adjust if necessary.

7. Storage:
- Store the buffer at room temperature.
- Label appropriately with concentration and pH.

---

Considerations for Buffer Stability and
Accuracy

Temperature Effects

- pKa values are temperature-dependent; at higher temperatures, pKa may shift
slightly.
- For precise applications, measure and adjust pH at the working temperature.

Ionic Strength and Concentration

- Maintaining appropriate ionic strength ensures consistent buffering
capacity.
- Use salts of similar ionic strength to minimize ionic effects.

Purity of Reagents

-
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Assume That Firms Providing Health-care Services To Older People Operate In A Perfectly
Competitive Market.
Using Linear Scheduling, We Can Present The Following EXCEPT:a. FLOATb. ACTIVITY
LOCATIONc. Space Bufferd.
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