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Understanding the principles behind preparing buffered solutions is
fundamental in chemistry, especially in fields such as biochemistry,
medicine, environmental science, and chemical manufacturing. The process of
mixing solutions like NaH2P04 (sodium dihydrogen phosphate) and Na2HP04
(disodium hydrogen phosphate) is a classic method to create buffers that
maintain a stable pH environment. This article explores the detailed
chemistry behind preparing such solutions, the theoretical basis of buffer
systems, and the practical applications of phosphate buffers.

Introduction to Buffer Solutions and Their
Importance

A buffer solution is a solution that can resist pH change upon the addition
of small amounts of acid or base. It typically consists of a weak acid and
its conjugate base or a weak base and its conjugate acid. Buffer solutions
are crucial in maintaining the optimal pH of biological and chemical systems,
ensuring stability and proper functioning of processes.

In biological systems, phosphate buffers are widely used because of their
effective buffering capacity within the physiological pH range (approximately
pH 6.0-8.0). The phosphate buffer system is based on the equilibrium between
dihydrogen phosphate (H2P04-) and hydrogen phosphate (HP042-) ions.

Understanding the Components: NaH2P04 and
Na2HP04

Sodium Dihydrogen Phosphate (NaH2P04)

- It is a weak acid salt.
- Dissociates in water to produce H2P04- ions.
- Acts as a source of H2P04- ions in the buffer system.



Disodium Hydrogen Phosphate (Na2HP04)

- It is a weak base salt.
- Dissociates in water to produce HP042- ions.
- Acts as a source of HP042- ions in the buffer system.

The equilibrium between these two ions is central to the phosphate buffer
system:

H2P04- = H+ + HP042-

The ratio of these ions determines the pH of the solution.

Preparation of the Buffer Solution

The process involves mixing equal volumes of 1 M NaH2P04 and 1 M Na2HP04
solutions, each of 50 mL volume, resulting in a combined volume of 100 mL.
The key is understanding how this mixture leads to a buffer with a specific
pH based on the Henderson-Hasselbalch equation.

Step-by-step Procedure

Measure 50 mL of 1 M NaH2P04 solution.

Measure 50 mL of 1 M Na2HP04 solution.

Mix both solutions thoroughly in a container.

Adjust volume if necessary, but in this case, total volume is 100 mL.
. Measure the pH of the resulting solution to confirm its buffering
capacity.
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Calculations Based on the Henderson-Hasselbalch
Equation

The pH of the buffer can be calculated using the Henderson-Hasselbalch
equation:

pH = pKa + log [A-]/[HA]

Where:

- pKa is the dissociation constant for the phosphoric acid system.
- [A-] is the concentration of the conjugate base (HP042-).

- [HA] is the concentration of the weak acid (H2P04-).

For the phosphate buffer system, the relevant pKa is approximately 7.2 at
25°C.

Given the initial concentrations and volumes:



- Both solutions are 1 M, each with 50 mL volume.
- When mixed, the total volume is 100 mL.

The molar amounts:
- NaH2P04: 1 mol/L x 0.05 L
- Na2HPO4: 1 mol/L x 0.05 L

0.05 mol
0.05 mol

Post-mixing, the molar concentrations:
- [H2P04-] 0.05 mol / 0.1 L =0.5M
- [HPO42-] 0.05 mol / 0.1 L =0.5M

Applying these to the Henderson-Hasselbalch equation:
pH = 7.2 + log (0.5 / 0.5) =7.2 + log1l=7.2 +0=7.2

Thus, the resulting solution has a pH of approximately 7.2, confirming its
status as a phosphate buffer near neutral pH.

On the Basis Of The Chemistry and Buffer System

The preparation and pH of the buffer are based on the equilibrium between
dihydrogen phosphate and hydrogen phosphate ions. The key concepts include:

1. Acid-Base Equilibrium

- The weak acid (NaH2P04) and its conjugate base (Na2HP04) establish a
dynamic equilibrium.
- The ratio of these ions determines the pH according to the Henderson-
Hasselbalch equation.

2. Buffer Capacity

- The amount of acid and base in the buffer determines its ability to resist
pH change.

- Equal molar concentrations of NaH2P04 and Na2HP04 create an effective
buffer at pH close to 7.2.

3. Significance of pKa

- The pKa value of 7.2 for the phosphate system makes it ideal for biological
and analytical applications requiring near-neutral pH.

Applications of Phosphate Buffer Systems

The prepared phosphate buffer has several practical uses across various



scientific disciplines:

Biological Research

- Maintaining cell culture media at physiological pH.
- Buffering enzyme reactions.
- Stabilizing nucleic acids during experiments.

Medical and Clinical Settings

- Used in intravenous solutions.
- Stabilizing blood samples.

Industrial and Laboratory Use

- Calibration of pH meters.
- Chemical synthesis and reactions requiring specific pH environments.

Advantages of Using NaH2P04 and Na2HP04 in
Buffer Preparation

- Readily available and inexpensive.
- Easy to prepare and adjust.

- Stable in aqueous solutions.

- Compatible with biological systems.

Conclusion

Preparing a buffer solution by mixing equal molar solutions of NaH2P04 and
Na2HP04 exemplifies the fundamental principles of acid-base chemistry and
buffer systems. The resulting solution, with a pH close to 7.2, is ideal for
applications requiring a near-neutral pH environment. Understanding the
chemistry behind the phosphate buffer system allows scientists and
researchers to design solutions tailored to specific needs, ensuring
stability and consistency in experimental and practical applications.

By controlling the ratios of weak acids and their conjugate bases, chemists
can precisely manipulate pH levels, demonstrating the practical significance
of the Henderson-Hasselbalch equation and buffer chemistry in various
scientific fields.



Frequently Asked Questions

What is the resulting solution when mixing 50 mL of
1 M NaH2P04 with 50 mL of 1 M Na2HP04?

The resulting solution is a mixture containing both dihydrogen phosphate
(H2P04-) and hydrogen phosphate (HP0472-) ions, which can establish a buffer
system around the pH corresponding to the phosphate buffer region.

How does mixing NaH2P04 and Na2HP04 create a buffer
solution?

Because NaH2P04 and Na2HP04 are conjugate acid-base pairs, their mixture can
resist pH changes upon addition of small amounts of acid or base, thus
forming a buffer solution.

What is the approximate pH of the mixture of 50 mL
of 1 M NaH2P04 and 50 mL of 1 M Na2HP04?

The pH of the mixture is approximately around 7.2 to 7.4, which is typical
for phosphate buffer solutions, depending on the exact ratio and temperature.

How can the pH of the mixture be calculated?

The pH can be calculated using the Henderson-Hasselbalch equation: pH = pKa +
log([A-]1/[HA]), where [A-] and [HA] are the concentrations of the base and
acid forms, respectively.

What is the significance of mixing equal volumes of
1 M NaH2P04 and Na2HP04?

Mixing equal volumes results in a buffer solution with roughly equal
concentrations of acid and base forms, stabilizing the pH around the pKa of
the phosphate system (~7.2).

Does the total molarity of phosphate ions change
after mixing?

No, the total molarity remains the same in terms of total phosphate ions;
it's the ratio of H2P04- to HP04"2- that determines the buffer pH.

Can this mixture be used for biological applications
requiring phosphate buffers?

Yes, phosphate buffers prepared in this manner are commonly used in
biological and biochemical applications due to their effective pH buffering



capacity around neutral pH.

What factors could influence the pH of this
phosphate buffer?

Factors include temperature, ionic strength, and the exact ratio of the acid
to base forms, which can shift the pH slightly away from the ideal value.

How does the initial concentration of the solutions
affect the final buffer capacity?

Higher concentrations of NaH2P04 and Na2HP04 increase the buffer capacity,
allowing the solution to better resist pH changes upon addition of acids or
bases.

Is the resulting solution a weak acid, weak base, or
neutral solution?

The resulting solution is a weak buffer, containing weak acid (NaH2P04) and
its conjugate base (Na2HP04), maintaining a near-neutral pH.

Additional Resources

A Solution Is Prepared By Mixing 50 MU Of 1 M NaH2P04 With 50 ML Of 1 M
Na2HP04. On The Basis Of The

In the realm of chemistry and laboratory science, the preparation of
solutions is a fundamental process that underpins countless experiments,
industrial applications, and research endeavors. Among the myriad solutions
prepared in laboratories worldwide, phosphate buffer solutions hold a special
place due to their biological relevance, stability, and widespread utility in
biochemical and pharmaceutical contexts. At the heart of many such
preparations lies a nuanced understanding of how different phosphate salts
interact and establish equilibrium. This article delves into the specifics of
preparing a solution by mixing 50 mL of 1 M NaH2P0s with 50 mL of 1 M
Na:2HP04, exploring the scientific principles, calculations, and implications
that underpin this process.

Understanding the Components: NaH:P0s4 and
Naz2HPO4



What Are These Compounds?

NaH2P0s4 (Sodium dihydrogen phosphate) and Na:HPOs4 (Disodium hydrogen
phosphate) are sodium salts of phosphoric acid, each representing different
protonation states within the phosphate buffering system.

- NaH2P0s (Sodium dihydrogen phosphate): This is the mono-protonated form of
phosphate, often referred to as the acidic form. It contains the dihydrogen
phosphate ion (H2P04-), which can act as a weak acid, donating a proton in
solution.

- Naz2HPOs (Disodium hydrogen phosphate): This is the less protonated, more

basic form containing the hydrogen phosphate ion (HPOs2-). It acts as a weak
base, accepting protons.

Chemical Properties and Reactions

Both salts are highly soluble in water, making them suitable for solution
preparation. They participate in the phosphate buffer system, which is
crucial in maintaining physiological pH:

- Dihydrogen phosphate (H2P0s-): Acts as a weak acid, with the ability to
donate a proton:

H2P04- = H* + HP0s2-
- Hydrogen phosphate (HP0s2-): Acts as a weak base, accepting a proton:
HPO42- + H* = H2P0a-

This dynamic equilibrium allows the phosphate buffer to maintain a relatively
stable pH over a range, typically around pH 6.8.

Preparing the Mixture: Quantitative Analysis

Initial Concentrations and Volumes

The initial step involves understanding the concentrations and volumes of the
individual solutions:

- 50 mL of 1 M NaH2P0s4 - contains 0.05 mol of H2P04- ions
- 50 mL of 1 M Naz2HPO: - contains 0.05 mol of HPOs4+2- ions

When mixed, the total volume becomes 100 mL, assuming negligible volume



change upon mixing.

Calculating the Final Concentrations

The total moles of each component after mixing are conserved (assuming volume
additivity):

- NaH2P0s: 0.05 mol
- Naz2HPOs: 0.05 mol

Total volume: 100 mL = 0.1 L
Therefore:

- Concentration of H2P0s4- in the mixture =
- Concentration of HP042- in the mixture

0.05 mol / 0.1 L =0.5M
0.05 mol / 0.1 L =0.5M

This results in an equimolar mixture of the acidic and basic forms of
phosphate, creating a buffer solution.

Buffer System and pH Determination

The Phosphate Buffer System

The mixture of NaH:P0s4 and Na:HPOs establishes a classic phosphate buffer.
The pH of this buffer depends on the ratio of the concentrations of the two
species, as dictated by the Henderson-Hasselbalch equation:

pH = pKa + log([HPO42-]/[H2P04"1])

Where pKa is the acid dissociation constant for the H2P0s- = H* + HPOQas2-
equilibrium, which is approximately 7.2 at 25°C.

Given the initial equimolar mixture:
pH = 7.2 + log(0.5 / 0.5) = 7.2 + log(1l) =7.2 + 0 = 7.2

Implication: The prepared solution has an approximate pH of 7.2, making it an
effective buffer near neutral pH.

Adjusting pH for Specific Applications

While the initial mixture yields a pH of approximately 7.2, certain



applications may require precise pH adjustments:

- Use of acid (e.g., HCl) or base (e.g., NaOH) to shift pH.
- Titration to reach desired pH values within the buffer range.
- Calibration with pH meter to ensure accuracy.

Scientific and Practical Significance

Applications of Phosphate Buffer Solutions

Phosphate buffers are extensively used in:

- Biochemistry: Stabilizing enzymes, nucleic acids, and proteins during
experiments.

- Cell Culture: Maintaining physiological pH.

- Pharmaceuticals: Formulating drugs that require specific pH conditions.
- Analytical Chemistry: Buffering during titrations and spectrophotometric
assays.

Advantages of the Phosphate Buffer System

- Biocompatibility: Mimics biological pH environments.

- Chemical Stability: Resistant to microbial contamination when properly
stored.

- Ease of Preparation: Simple mixing of salts in water.

Considerations and Limitations

While phosphate buffers are versatile, certain limitations should be
acknowledged:

- Temperature Dependence: pKa shifts with temperature, affecting pH.

- Precipitation Risks: Excess phosphate can precipitate calcium or magnesium
salts.

- Limited Buffer Range: Effective mainly within pH 5.8 — 8.0.

Proper preparation, storage, and pH calibration are essential to ensure the
buffer's effectiveness.



Conclusion: The Significance of Understanding
Buffer Preparation

The process of preparing a phosphate buffer by mixing equal molar solutions
of NaH2P02 and Na:HPOs exemplifies fundamental principles in solution
chemistry, including molarity calculations, equilibrium, and pH regulation.
Such solutions are indispensable tools across scientific disciplines,
underpinning experiments and applications that demand stable pH conditions.
Understanding the chemistry behind these preparations enhances the accuracy
and efficacy of laboratory work, ensuring that researchers can tailor
solutions to meet precise specifications. As science advances, the
foundational knowledge of buffer systems like the phosphate buffer remains
vital, highlighting the importance of meticulous preparation and
comprehension in the pursuit of scientific discovery.
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