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A Student Needed To Standardize A Solution Of NaOH Which Was Approximately
0.15 M. The Student Weighed a certain amount of sodium hydroxide (NaOH) and
prepared a solution with a known approximate molarity. Standardization of
NaOH solutions is a fundamental procedure in analytical chemistry, ensuring
that the concentration of the solution is accurately known before it is used
for titrations or other quantitative analyses. This process is crucial
because NaOH solutions are hygroscopic and absorb carbon dioxide from the
air, which alters their concentration over time. Therefore, precise
standardization guarantees the reliability of experimental results in various
chemical analyses.

In this article, we will explore the detailed steps involved in standardizing
a NaOH solution, the importance of accurate measurements, calculations
involved, and best practices to achieve precise results. We will also discuss
common challenges faced during the process and how to overcome them.

Understanding the Need for Standardization of
NaOH Solution

Why Standardize NaOH?

NaOH is a strong base widely used in titrations, pH adjustments, and various
analytical procedures. Due to its hygroscopic nature, NaOH absorbs moisture
and carbon dioxide from the air, leading to a decrease in its molarity over
time. Consequently, a solution prepared from NaOH pellets is often not of
known exact concentration. Standardization involves determining the precise
molarity of the NaOH solution by titrating it against a primary standard-an
accurately known substance with a high degree of purity.

Primary Standard for NaOH Standardization
Common primary standards used to standardize NaOH include:
- Potassium hydrogen phthalate (KHP)

- Oxalic acid dihydrate
- Sodium carbonate (Na2C03)



Among these, KHP is preferred because of its high purity, stability, and ease
of handling.

Preparing to Standardize NaOH Solution

Materials Needed

- NaOH solution (approximately 0.15 M)
- Primary standard (e.g., KHP)

- Distilled or deionized water

- Analytical balance

- Burette

- Conical flask (Erlenmeyer flask)

- Pipettes and pipette fillers

- Beakers

- Phenolphthalein indicator

- Wash bottles

Safety Precautions

- Wear appropriate personal protective equipment (gloves, goggles, lab coat).
- Handle NaOH with care as it is corrosive.
- Dispose of chemical waste according to safety guidelines.

Step-by-Step Procedure for Standardization

1. Preparing the Primary Standard Solution

- Accurately weigh a known mass of KHP (for example, 0.204 g).

- Dissolve it in a small volume of distilled water in a beaker.

- Transfer the solution to a volumetric flask and dilute to the mark with
distilled water.

- Mix thoroughly to obtain a standard KHP solution of known concentration.

Calculation of KHP molarity:

\ [

\text{Moles of KHP} = \frac{\text{Mass of KHP (g)}}{\text{Molar mass of KHP
(204.22 g/mol)}}

\1

\ [

\text{Concentration of KHP} = \frac{\text{Moles of KHP}}{\text{Volume of
solution (L)}}

\1



2. Titration of KHP with NaOH

- Fill the burette with the approximately 0.15 M NaOH solution.

- Pipette a known volume (e.g., 25.00 mL) of KHP solution into the conical
flask.

- Add 2-3 drops of phenolphthalein indicator to the flask.

- Titrate the KHP solution with NaOH until a persistent pink color appears,
indicating the endpoint.

- Record the volume of NaOH used.

Repeat the titration at least three times to obtain consistent results.

3. Calculating the Exact Molarity of NaOH
Using the titration data:
- Calculate moles of KHP used:

\ [
\text{Moles of KHP} = \frac{\text{Mass of KHP}}{\text{Molar mass of KHP}}

\1]
- Determine the molarity of NaOH:

\ [

\text{Molarity of NaOH} = \frac{\text{Moles of KHP}}{\text{Volume of NaOH
used (L)}}

\1]

Since KHP reacts with NaOH in a 1:1 molar ratio:

\ [
\text{Moles of NaOH} = \text{Moles of KHP}

\1]
Example calculation:

Suppose 0.204 g of KHP is used, and the titration volume is 25.00 mL (0.02500
L):

\ [

\text{Moles of KHP} = \frac{0.204\,9}{204.22\,g/mol} \approx 1.0 \times
107~{-3}\, \text{mol}

\]

\ [
\text{Molarity of NaOH} = \frac{1.0 \times 107{-3}\,\text{mol}}{0.02500\,L} =



0.0400\, \text{M}
\]

In this example, the NaOH solution's molarity is approximately 0.0400 M,
which can then be adjusted or used accordingly.

Importance of Accurate Measurements and Best
Practices

Precise Weighing

- Use an analytical balance calibrated regularly.
- Weigh the primary standard in a clean, dry container.
- Record the mass accurately to at least four decimal places.

Accurate Volume Measurement

- Use calibrated pipettes and burettes.
- Rinse the equipment with the solution being measured before use.
- Read burette levels at eye level to avoid parallax errors.

Consistent Titrations

- Perform multiple titrations for consistency.
- Use the same indicator and endpoint detection method.
- Record all data meticulously.

Handling NaOH Solution

- Store NaOH solutions in airtight containers.
- Protect from air exposure to prevent absorption of CO:.
- Prepare fresh solutions periodically.

Common Challenges and Troubleshooting

Uncertain Endpoint Detection

- Ensure phenolphthalein is fresh and properly added.
- Watch for a persistent faint pink color.
- Use a white tile beneath the flask for better visibility.



Inconsistent Titration Results

- Verify calibration of measuring instruments.
- Rinse equipment thoroughly between titrations.
- Use fresh solutions if the solution has been exposed to air.

Inaccurate Weighing

- Calibrate the balance regularly.
- Handle the primary standard with clean tools.
- Minimize exposure to moisture.

Final Remarks and Applications of Standardized
NaOH

Once the NaOH solution has been accurately standardized, it becomes a
reliable reagent for various analytical applications, such as:

- Titration of acids in food samples.

- Determination of the total alkalinity in water.
- pH adjustments in chemical manufacturing.

- Quantitative analysis in research laboratories.

Accurate standardization ensures that subsequent analyses are precise,
reproducible, and scientifically valid.

Conclusion

Standardizing a sodium hydroxide solution is a fundamental skill in
analytical chemistry that guarantees the accuracy of subsequent chemical
measurements. The process involves careful preparation of a primary standard,
meticulous titration procedures, and precise calculations. By adhering to
best practices and troubleshooting common issues, students and chemists can
achieve highly accurate NaOH molarity, which is essential for the integrity
of analytical results. Whether for academic experiments or industrial
applications, standardization remains a cornerstone of reliable chemical
analysis.

Keywords: NaOH standardization, sodium hydroxide solution, primary standard,
titration, KHP, molarity calculation, analytical chemistry, laboratory
procedures, accurate measurements, titration endpoint



Frequently Asked Questions

Why is standardizing a NaOH solution important in
laboratories?

Standardizing a NaOH solution ensures its molarity is accurately known, which
is essential for precise titrations and quantitative analyses involving acids
and bases.

What is the typical method used to standardize a
NaOH solution?

A common method involves titrating the NaOH solution with a primary standard
acid, such as potassium hydrogen phthalate (KHP), of known purity to
determine its exact concentration.

How does the student determine the molarity of the
NaOH solution after weighing?

The student dissolves a known weight of NaOH, calculates the moles based on
its molar mass, and then uses the volume of the solution to find its
molarity.

What precautions should be taken when preparing a
NaOH solution?

NaOH is caustic; therefore, it should be handled with gloves, eye protection,
and in a well-ventilated area. The solid should be added slowly to water to
prevent splashing and heat generation.

How does the approximate concentration of 0.15 M
influence the standardization process?

An approximate concentration helps in initial calculations and preparing a
suitable volume for titrations, but precise standardization is necessary for
accurate results.

What role does the weighing accuracy play in
standardizing NaOH solutions?
Accurate weighing of NaOH is crucial because it directly affects the

calculation of molarity; any error in weighing leads to incorrect
concentration determination.



What indicators are suitable for titrating NaOH
solutions during standardization?

Indicators like phenolphthalein or methyl orange are commonly used, with
phenolphthalein being preferred for strong base titrations like NaOH.

How can temperature affect the standardization of
NaOH solutions?

Temperature influences the solubility and volume measurements; therefore,
standardization should be performed at a controlled temperature or corrected
for temperature variations.

What are common sources of error when weighing NaOH
for standardization?

Errors can arise from impurities in the solid, incomplete drying, balance
calibration issues, or spillage during transfer, all of which can impact the
calculated molarity.

Additional Resources

A Student Needed To Standardize A Solution Of NaOH Which Was Approximately
0.15 M. The Student Weighed

Introduction

The process of standardizing a sodium hydroxide (NaOH) solution is
fundamental in analytical chemistry, ensuring precise and accurate
measurements in various laboratory applications. When a student aims to
prepare a NaOH solution approximately 0.15 M, the meticulous process involves
not only weighing and dissolving the solid but also verifying the
concentration through titration against a primary standard. This article
delves into the detailed methodology, challenges, and considerations
encountered during the standardization process, providing insights valuable
to students, educators, and researchers alike.

Background and Significance

NaOH is a strong base widely used in titrations, neutralization reactions,
and pH adjustments. However, its hygroscopic nature and tendency to absorb
carbon dioxide from the air complicate the process of preparing and
standardizing its solutions. Consequently, the actual concentration can vary
from the intended value, necessitating a reliable standardization protocol.



For a student aiming to prepare a 0.15 M NaOH solution, the initial step is
to weigh an accurately known amount of NaOH solid, dissolve it, and then
determine its exact molarity via titration with a primary standard, typically
potassium hydrogen phthalate (KHP). This rigorous approach guarantees that
subsequent experiments rely on a trustworthy concentration.

Preparation of the NaOH Solution
1. Materials and Equipment

- Analytical balance with a precision of at least 0.1 mg
- Weighing boat or paper

- Volumetric flask (e.g., 250 mL or 500 mL)

- Stirring rod

- Deionized or distilled water

- Beaker

- Funnel

- Safety gear: gloves, goggles, lab coat

2. Weighing the NaOH

Accurate weighing is crucial. The student calculates the approximate mass
needed based on the molarity and volume intended:

- For a 0.15 M solution in 250 mL:

\ [

\text{Moles of NaOH}
\text{mol}

\1]

0.15\, \text{mol/L} \times 0.250\, \text{L} = 0.0375\,

0

- Molar mass of NaOH = 40.00 g/mol

\ [

\text{Mass} = 0.0375\, \text{mol} \times 40.00\, \text{g/mol} = 1.5\,
\text{g}

\1]

The student thus weighs approximately 1.5 g of NaOH solid using an analytical
balance, taking care to minimize exposure to air and moisture.

Dissolution and Storage

The weighed NaOH is transferred carefully into a beaker containing a small
volume of deionized water, stirring gently until fully dissolved. The
solution is then transferred to a volumetric flask, and more deionized water
is added up to the calibration mark. To prevent atmospheric absorption of



C02, the flask is stoppered and shaken gently.
Note: NaOH solutions are hygroscopic and absorb moisture and CO2, which can

alter concentration. Therefore, it is best to prepare and standardize the
solution promptly.

Standardization Procedure
1. Selection of Primary Standard

Potassium hydrogen phthalate (KHP, KHCsH404) is a widely used primary
standard due to its high purity, stability, and non-hygroscopic nature.

2. Titration Setup
A burette filled with the NaOH solution

A conical (Erlenmeyer) flask
A measured amount of KHP (e.g., 0.1 g)

3. Conducting the Titration

- Accurately weigh a known quantity of KHP (e.g., 0.1 g) and dissolve it in a
known volume of deionized water.

- Add a few drops of a suitable indicator, such as phenolphthalein.

- Titrate with NaOH until a persistent color change indicates the endpoint.

The key calculations involve:

\ [
\text{Moles of KHP}

\1]

\frac{\text{Mass of KHP}}{\text{Molar mass of KHP}}

n

- Molar mass of KHP = 204.22 g/mol

For 0.1 g:

\ [

\text{Moles of KHP} \frac{0.1\, \text{g}}{204.22\, \text{g/mol}} \approx
4.89 \times 10°{-4}\, \text{mol}

\1

- The titration volume (V) of NaOH used (e.g., 20.00 mL) allows calculation
of the molarity:

\ [
\text{Molarity of NaOH} = \frac{\text{moles of KHP}}{\text{volume of NaOH in
liters}}

\]



For 20.00 mL (0.02000 L):

\ [
\text{Concentration} = \frac{4.89 \times 10°{-4}\, \text{mol}}{0.02000\,
\text{L}} \approx 0.02445\, \text{M}

\]

However, this molarity corresponds to the NaOH solution used. If the
calculated concentration deviates from 0.15 M, the student adjusts the NaOH
solution accordingly, often by dilution or concentration adjustments.

Data Analysis and Calculation

Suppose multiple titrations yield an average NaOH molarity of 0.147 M; the
student recognizes this is close but slightly below the target of 0.15 M. The
correction involves:

- Calculating the dilution factor:

\ [

\text{Dilution factor} = \frac{0.15\, \text{M}}{0.147\, \text{M}} \approx
1.02

\1]

- Adjusting the volume or concentration of the original solution to match the
target molarity.

This iterative process underscores the importance of precise measurement and
consistency in titration techniques.

Challenges and Considerations
1. Hygroscopic Nature of NaOH

NaOH readily absorbs moisture and CO2 from the atmosphere, which can lead to
inaccuracies. To mitigate this:

Weigh NaOH quickly and in a dry environment.
Store excess NaOH in airtight containers.
Prepare the solution immediately before standardization.

2. Purity of the Primary Standard

Using high-purity KHP is essential. Impurities or moisture can skew results.
Calibration of the primary standard’s purity via certificates or prior
testing enhances reliability.



3. Endpoint Detection

Phenolphthalein's color change can sometimes be subjective. To improve
accuracy:

- Use consistent endpoint criteria.
- Conduct multiple titrations to average out errors.

4. Temperature Effects

Temperature fluctuations affect volume measurements and titration results.
Conduct titrations at room temperature (~25°C) and allow solutions to
equilibrate.

Quality Assurance and Validation
To ensure the standardization process’s integrity:

- Perform at least three titrations and consider the average.
- Calculate the standard deviation to assess precision.
- Verify the reproducibility of results over multiple trials.

Significance of Accurate Standardization

An accurately standardized NaOH solution is pivotal in quantitative analyses,
such as acid-base titrations, environmental testing, and pharmaceutical
preparations. It ensures data consistency, regulatory compliance, and
scientific integrity.

Conclusion

The process of standardizing a solution of NaOH, especially when aiming for
approximately 0.15 M, requires meticulous weighing, careful solution
preparation, and precise titration techniques. The student's diligent
approach—understanding the nuances of hygroscopic materials, employing
reliable primary standards, and performing rigorous calculations—embodies
best practices in analytical chemistry. This comprehensive process
underscores the importance of accuracy and methodical procedures in
laboratory science, ultimately contributing to the reliability of
experimental data and scientific conclusions.
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