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When it comes to analytical chemistry and titration procedures, the accuracy
and reliability of standard solutions are paramount. These solutions serve as
benchmarks against which unknown concentrations are measured, and their
precise preparation is essential for obtaining valid results. Among various
chemicals used as standards, sodium hydroxide (NaOH) is frequently
encountered due to its widespread application in acid-base titrations.
However, despite its popularity, solid NaOH cannot be employed as a primary
standard. This article explores the reasons behind this limitation, delving
into the properties of NaOH, the criteria for a substance to qualify as a
primary standard, and the implications for laboratory practices.

---

Understanding Primary Standards in Analytical
Chemistry

What Is a Primary Standard?

A primary standard is a highly purified chemical substance that possesses
specific characteristics making it ideal for preparing standard solutions
with known and accurate concentrations. These standards are used to calibrate
instruments or to prepare other solutions where precise concentration is
critical.

Characteristics of an Ideal Primary Standard:

- High purity (usually ≥ 99.9%)
- Stable over time without decomposition
- Non-hygroscopic (does not absorb moisture from the atmosphere)
- Readily available in a stable, crystalline form
- Soluble in water, producing a solution of known concentration
- Non-toxic and easy to handle

Importance of Primary Standards

Primary standards are essential for ensuring the accuracy of quantitative
analysis. They serve as the basis for titrations, calibration of instruments,



and validation of analytical methods. Using a primary standard eliminates
uncertainties associated with impurities, moisture content, or instability,
thereby improving the reliability of analytical results.

---

Properties of Sodium Hydroxide (NaOH)

Physical and Chemical Characteristics

Sodium hydroxide, also known as caustic soda, is a strong base with the
following properties:

- Appearance: White, crystalline solid
- Solubility: Highly soluble in water (~111 g/100 mL at 20°C)
- Hygroscopicity: Very hygroscopic, readily absorbing moisture and carbon
dioxide from the air
- Reactivity: Reacts vigorously with acids and certain other compounds
- Stability: Chemically reactive; can degrade or absorb moisture over time

Common Uses of NaOH

NaOH is extensively used in various industries and laboratories for:

- pH adjustment
- Saponification in soap manufacturing
- Chemical synthesis
- Cleaning and drain clearing
- Titration experiments in analytical chemistry

Despite its versatility, NaOH’s physical and chemical properties impose
limitations on its use as a primary standard.

---

Why Solid NaOH Cannot Be Used As A Primary
Standard

The primary reasons why solid NaOH does not qualify as a primary standard
primarily relate to its hygroscopic nature and instability. These properties
compromise the accuracy and reproducibility required for primary standards.



1. Hygroscopic Nature and Moisture Absorption

NaOH is highly hygroscopic, meaning it readily absorbs moisture from the
atmosphere. This absorption leads to several issues:

- Uncertainty in Mass: When NaOH absorbs water, the mass measured does not
accurately reflect the amount of pure NaOH. This makes it impossible to
determine the exact molarity of the solution prepared from it.
- Variable Composition: The water absorbed can vary depending on
environmental conditions, leading to inconsistencies between batches.
- Difficulty in Weighing: Handling and weighing hygroscopic substances
require controlled environments; otherwise, the measurements become
unreliable.

2. Carbon Dioxide Absorption and Formation of Sodium
Carbonate

NaOH reacts with carbon dioxide (CO₂) from the air, forming sodium carbonate
(Na₂CO₃):

\[ 2 NaOH + CO_2 \rightarrow Na_2CO_3 + H_2O \]

This reaction causes several problems:

- Alteration of Composition: The formation of sodium carbonate reduces the
amount of free NaOH, leading to inaccuracies.
- Instability Over Time: NaOH solutions prepared from impure or CO₂-reacted
NaOH are not stable or reliable.

3. Difficulty in Achieving Accurate Weights

Because of moisture absorption and potential contamination, accurately
weighing solid NaOH to prepare a standard solution is challenging. The
uncertainties introduced compromise the precision required for primary
standards.

4. Handling and Storage Challenges

NaOH must be stored in airtight, moisture-proof containers, and handling must
occur in controlled environments. Such precautions add complexity and limit
the practicality of using solid NaOH as a primary standard.



5. Variability and Impurities

Commercial NaOH often contains impurities such as sodium carbonate, sodium
chloride, or other residues, which influence the concentration and stability
of prepared solutions. Purifying NaOH to primary standard grade is labor-
intensive and costly.

---

Alternative Substances as Primary Standards

Given the limitations of solid NaOH, chemists prefer other substances that
meet the criteria for primary standards. Some common primary standards
include:

- Potassium Hydrogen Phthalate (KHP): A stable, non-hygroscopic crystalline
compound used extensively in acid-base titrations.
- Oxalic Acid Dihydrate: Suitable for titrations involving strong bases.
- Sodium Carbonate (Na₂CO₃): When purified, used as a primary standard for
acid titrations.

These substances are chosen because they are stable, non-hygroscopic, easy to
weigh accurately, and do not react with atmospheric gases.

---

Preparing Accurate NaOH Solutions Without Using
Solid NaOH as a Primary Standard

Although solid NaOH cannot serve as a primary standard, it can still be used
to prepare standard solutions with proper procedures:

- Standardization of NaOH Solution: A solution of NaOH can be standardized by
titration against a primary standard such as KHP.
- Use of Diluted NaOH Solutions: Once standardized, NaOH solutions can be
reliably used in titrations.

Steps for standardizing NaOH:

1. Weigh an accurately known amount of KHP.
2. Dissolve in water and titrate with the NaOH solution.
3. Calculate the molarity of NaOH based on the titration data.
4. Use this standardized NaOH solution for subsequent analyses.

---



Conclusion

In summary, solid NaOH cannot be used as a primary standard due to its
hygroscopic nature, reactivity with atmospheric CO₂, and handling
difficulties. These properties lead to inaccuracies in weighing, instability
over time, and variability in composition, all of which violate the
fundamental criteria for primary standards. Instead, chemists rely on more
stable, non-hygroscopic compounds like potassium hydrogen phthalate for
standardization purposes. Proper standardization procedures ensure the
accuracy and reliability of NaOH solutions in laboratory applications.

Understanding these limitations is crucial for analytical chemists to
maintain high standards of precision and accuracy in their work. While NaOH
remains a vital reagent in chemistry, its role as a secondary standard,
carefully standardized against primary standards, ensures valid and
reproducible results in titrations and other quantitative analyses.

---
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Frequently Asked Questions

Why can't solid NaOH be used as a primary standard
in titrations?
Solid NaOH cannot be used as a primary standard because it is hygroscopic and
readily absorbs moisture and carbon dioxide from the atmosphere, which
affects its purity and stability.

What properties of NaOH make it unsuitable as a
primary standard?
NaOH is hygroscopic, deliquescent, and reacts with atmospheric CO2, leading
to inaccuracies in its concentration when used as a primary standard.

How does the hygroscopic nature of NaOH affect its
use as a primary standard?
Its hygroscopic nature causes NaOH to absorb water from the air, making it
difficult to determine its true mass and concentration accurately.



What are the alternative standards used instead of
solid NaOH in titrations?
Instead of solid NaOH, standardized solutions prepared by dissolving a
precisely weighed amount of NaOH in water are used, often standardized
against primary standards like potassium hydrogen phthalate.

Can NaOH solution be used as a primary standard? Why
or why not?
No, NaOH solution cannot be used as a primary standard because it is
difficult to prepare a stable, accurately known concentration without prior
standardization due to its hygroscopic nature.

What precautions are necessary if NaOH is used in
titrations?
NaOH solutions should be freshly prepared or properly standardized, stored in
airtight containers, and handled in a way that minimizes moisture absorption.

Why is stability important for a primary standard,
and how does NaOH fall short in this aspect?
A primary standard must be stable over time to ensure accurate and
reproducible measurements. NaOH's tendency to absorb moisture and CO2 makes
it unstable for this purpose.

What is the significance of purity in primary
standards, and how does it relate to NaOH?
High purity is essential for primary standards to ensure accurate
concentration calculations. NaOH's contamination and moisture absorption
compromise its purity, making it unsuitable as a primary standard.

How does the reaction of NaOH with atmospheric CO2
affect titration accuracy?
NaOH reacts with CO2 to form sodium carbonate, which alters its concentration
and leads to errors in titration results if not properly standardized or
prepared.

Additional Resources
Solid NaOH Cannot Be Used As A Primary Standard Because

In the realm of analytical chemistry, the concept of a primary standard is



fundamental for ensuring the accuracy and reliability of titrations and other
quantitative analyses. Among various chemicals used, sodium hydroxide (NaOH)
is frequently encountered, but when it comes to solid NaOH, it cannot be
employed as a primary standard. This limitation stems from inherent
properties of NaOH and its behavior under typical storage and handling
conditions. Understanding why solid NaOH is unsuitable as a primary standard
involves exploring its physical and chemical characteristics, stability
issues, and practical considerations in laboratory settings.

---

Understanding Primary Standards in Analytical
Chemistry

Before delving into the specifics of NaOH, it is essential to understand what
constitutes a primary standard and why such standards are vital.

Definition of a Primary Standard
- A primary standard is a highly pure, stable, non-hygroscopic substance with
a known and constant composition.
- It serves as a reference material to accurately determine the concentration
of solutions during titrations.
- Ideal primary standards must be:
- High purity (≥ 99.9%)
- Stable over time
- Non-hygroscopic (not absorbing moisture)
- Easily weighed and handled
- Soluble and reactive in a predictable manner

Role of Primary Standards in Titration
- Used for standardizing solutions of unknown concentration.
- Ensures the accuracy of quantitative chemical analysis.
- Reduces errors in experimental procedures.

---

Why Solid NaOH Cannot Be Used As A Primary
Standard

The primary issue with solid NaOH lies in its physical and chemical
properties, which violate several criteria essential for primary standards.



Hygroscopic Nature of NaOH
- Hygroscopicity refers to the ability of a substance to absorb moisture from
the environment.
- Solid NaOH readily absorbs water vapor from the atmosphere, leading to the
formation of a solution or a moist, sticky mass.
- When weighed, it is difficult to determine the actual amount of NaOH
because the absorbed moisture adds to the weight, causing inaccuracies.
- This property makes NaOH unsuitable as a primary standard because:
- It cannot be stored in a completely dry state.
- Its weight cannot be precisely measured after exposure.

Deliquescent Property of NaOH
- Deliquescence is an extreme form of hygroscopicity where a substance
absorbs moisture until it dissolves in it.
- NaOH can absorb enough moisture to form a concentrated solution
spontaneously.
- This leads to:
- Variability in the actual amount of NaOH present.
- Difficulty in preparing a known, consistent concentration.

Instability and Reactivity of NaOH
- NaOH is highly reactive, especially with carbon dioxide (CO₂) in the air.
- When exposed to air, NaOH reacts with CO₂ to form sodium carbonate:

NaOH + CO₂ → Na₂CO₃ + H₂O

- This reaction decreases the amount of active NaOH and introduces
impurities.
- Consequently, the composition of a NaOH sample changes over time, making it
unreliable as a primary standard.

Practical Challenges in Handling and Storage
- NaOH must be stored in airtight, moisture-proof containers.
- Weighing solid NaOH accurately requires a dry, controlled environment.
- Any lapse in storage conditions results in inaccurate measurements.
- The handling process is more cumbersome compared to other primary standards
like potassium dichromate or sodium carbonate.

---

Implications of Using NaOH as a Secondary



Standard

Given its properties, NaOH is typically standardized against a primary
standard rather than serving as one itself.

Standardization Process
- A known, stable primary standard such as potassium hydrogen phthalate (KHP)
is used to prepare a standard NaOH solution.
- The NaOH solution is then used for titrations.
- This approach ensures accuracy despite NaOH's hygroscopic and reactive
nature.

Advantages of Using NaOH as a Secondary Standard
- Convenience: Easier to prepare solutions from a standardized stock.
- Accuracy: Achieved through careful standardization against primary
standards.
- Stability: Once standardized, NaOH solutions can be stored under proper
conditions for repeated use.

---

Features and Alternatives to Solid NaOH as a
Primary Standard

Despite its limitations, NaOH is a crucial reagent in analytical chemistry.
Its effective use hinges on understanding how to handle it properly and
choosing suitable standards.

Features of NaOH Solutions (When Properly
Standardized)
- High Reactivity: Useful for titrations involving acids.
- Strong Base: Completely dissociates in water, providing a clear endpoint.
- Versatility: Used in saponification, neutralization, and other chemical
reactions.

Limitations of Solid NaOH as a Primary Standard
- Hygroscopic and deliquescent.
- Reacts with CO₂, altering composition.
- Difficult to weigh accurately.



- Requires stringent storage conditions.

Alternatives to Solid NaOH as a Primary Standard
- Potassium Hydrogen Phthalate (KHP):
- Stable, non-hygroscopic, and easy to weigh.
- Used for standardizing NaOH solutions.
- Sodium Carbonate (Na₂CO₃):
- Stable and less hygroscopic.
- Used in certain titrations, but less precise for primary standards.
- Potassium Dichromate (K₂Cr₂O₇):
- Used as a primary standard in redox titrations.

---

Summary and Conclusion

In summary, solid NaOH cannot be used as a primary standard primarily because
of its hygroscopic and deliquescent properties, which make it difficult to
handle accurately. Its high reactivity with atmospheric CO₂ leads to
continuous changes in composition, undermining the very stability and purity
required of primary standards. While NaOH solutions are indispensable in
titrations, their reliability depends on proper standardization against
primary standards like KHP. Handling NaOH requires strict storage and
weighing procedures to maintain accuracy, emphasizing its role as a secondary
standard rather than a primary one.

Key Takeaways:
- NaOH's hygroscopic nature prevents it from being a reliable primary
standard.
- Its reactivity with CO₂ causes compositional changes over time.
- Proper standardization and storage are essential when using NaOH solutions.
- For primary standard purposes, stable substances like KHP are preferred.

By understanding these limitations and features, chemists can ensure precise
and reliable analytical results, leveraging NaOH effectively within its
proper context in the laboratory.
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