
Chemistry Laboratory Manual Experiment 5

Chemistry laboratory manual experiment 5 focuses on the principles of
titration, a fundamental technique utilized to determine the concentration of
a substance in a solution. This experiment is vital for students to
understand the quantitative analysis of chemical reactions, especially acid-
base reactions. Through the systematic process of titration, students will
learn how to accurately measure volumes of solutions and interpret their
findings, which is a crucial skill in both academic and professional
chemistry settings.

Objective of the Experiment

The primary objective of Experiment 5 is to:



1. Understand the concept of titration and its applications in determining
the concentration of acidic and basic solutions.
2. Practice the technique of volumetric analysis using a burette, pipette,
and a suitable indicator.
3. Calculate the molarity of an unknown solution through the titration
process.

Background Information

Titration is a quantitative analytical method used to determine the
concentration of a solute in a solution. It involves the gradual addition of
a titrant (a solution of known concentration) to a titrand (the solution of
unknown concentration) until the reaction reaches its equivalence point,
where stoichiometric amounts of reactants have reacted.

Types of Titration:
- Acid-Base Titration: Involves the neutralization reaction between an acid
and a base.
- Redox Titration: Involves oxidation-reduction reactions.
- Complexometric Titration: Involves the formation of complex ions.

In this experiment, we will focus specifically on acid-base titration,
utilizing phenolphthalein as an indicator, which changes color at the
endpoint of the titration.

Materials Required

To conduct the experiment, the following materials will be needed:

- Burette
- Pipette
- Conical flask
- Beakers
- Volumetric flask
- Unknown acid solution (e.g., hydrochloric acid, HCl)
- Standard base solution (e.g., sodium hydroxide, NaOH)
- Phenolphthalein indicator
- Distilled water
- White tile (for better visibility of the endpoint)
- Funnel
- pH meter (optional)

Safety Precautions



Before starting the experiment, it is crucial to observe safety precautions
to ensure a safe working environment:

- Always wear safety goggles and a lab coat to protect your eyes and skin
from chemical splashes.
- Handle acids and bases with care, as they can cause burns or injuries.
- Work in a well-ventilated area to avoid inhalation of fumes.
- Dispose of chemical waste according to your institution’s guidelines.

Procedure

The procedure for conducting the titration is as follows:

Preparation of Solutions

1. Preparation of NaOH Solution:
- The NaOH solution should be standardized before use. This can be done by
titrating it against a known concentration of hydrochloric acid (HCl).
- Use a volumetric flask to prepare a dilute NaOH solution by dissolving a
known mass of NaOH in distilled water.

2. Preparation of the Acid Solution:
- Using a pipette, measure a specific volume of the unknown acid solution
(for example, 25.00 mL) and transfer it to a clean conical flask.
- Add 2-3 drops of phenolphthalein indicator to the acid solution in the
conical flask. The solution will remain colorless if it is acidic.

Titration Process

1. Filling the Burette:
- Rinse the burette with distilled water and then with the NaOH solution to
avoid contamination.
- Fill the burette with the NaOH solution, ensuring there are no air bubbles
in the nozzle. Record the initial volume.

2. Titration:
- Place the conical flask containing the acid solution on a white tile to
observe any color change more clearly.
- Slowly add the NaOH solution from the burette to the acid solution while
continuously swirling the flask.
- As you approach the endpoint (indicated by a faint pink color that persists
for about 30 seconds), add the NaOH dropwise to ensure you do not overshoot
the endpoint.

3. Recording Data:



- Once the endpoint is reached, record the final volume of the NaOH in the
burette.
- Calculate the volume of NaOH used in the titration by subtracting the
initial volume from the final volume.

4. Repeating the Experiment:
- For accuracy, repeat the titration process two more times, ensuring to use
fresh samples of the acid solution each time. This will allow you to obtain
an average volume of NaOH used.

Calculations

Once the titration is complete, calculations can be made to determine the
molarity of the unknown acid solution.

1. Determine the Moles of NaOH Used:
\[
\text{Moles of NaOH} = \text{Molarity of NaOH} \times \text{Volume of NaOH
(in L)}
\]

2. Using the Stoichiometry of the Reaction:
The neutralization reaction between HCl and NaOH can be represented as:
\[
\text{HCl} + \text{NaOH} \rightarrow \text{NaCl} + \text{H}_2\text{O}
\]
From the equation, we see that 1 mole of HCl reacts with 1 mole of NaOH.
Therefore, the moles of HCl can be calculated as follows:
\[
\text{Moles of HCl} = \text{Moles of NaOH}
\]

3. Calculate the Molarity of the Unknown Acid:
\[
\text{Molarity of HCl} = \frac{\text{Moles of HCl}}{\text{Volume of HCl (in
L)}}
\]

Results and Discussion

After completing the experiment and performing the calculations, students
should compare their results with theoretical values or previously known
concentrations. Any discrepancies should be analyzed and discussed.

Factors Influencing Titration Results:
- Indicator Choice: The choice of indicator can affect the observed endpoint.



Phenolphthalein is appropriate for strong acid-strong base titrations but may
not be suitable for weak acid-strong base titrations.
- Precision in Measurement: Accurate measurements of volumes using burettes
and pipettes are crucial for reliable results.
- Environmental Factors: Temperature and atmospheric pressure may also
influence the titration reaction.

Conclusion

In conclusion, chemistry laboratory manual experiment 5 successfully
demonstrates the principles and techniques of titration. Through this
experiment, students gain practical experience in using laboratory equipment,
understanding chemical reactions, and performing quantitative analysis.
Mastery of titration techniques is essential for future studies and careers
in chemistry and related fields, making this experiment a foundational
component of chemistry education.

Frequently Asked Questions

What is the primary objective of Experiment 5 in the
chemistry laboratory manual?
The primary objective of Experiment 5 is to determine the concentration of an
unknown solution using titration methods.

What safety equipment should be worn during
Experiment 5?
Safety goggles, gloves, and a lab coat should be worn to protect against
spills and chemical exposure during Experiment 5.

Which chemicals are commonly used in Experiment 5?
Commonly used chemicals in Experiment 5 include hydrochloric acid (HCl),
sodium hydroxide (NaOH), and phenolphthalein as an indicator.

What is the significance of using an indicator in
this experiment?
An indicator is significant in this experiment as it helps to visually signal
the end point of the titration by changing color.

How do you calculate the concentration of the



unknown solution after completing Experiment 5?
The concentration of the unknown solution is calculated using the formula:
C1V1 = C2V2, where C is concentration and V is volume.

What common errors should be avoided during
Experiment 5?
Common errors to avoid include not properly calibrating the burette,
misreading the meniscus, and failing to add the indicator before titration.

Can Experiment 5 be modified for different types of
titrations?
Yes, Experiment 5 can be modified for different types of titrations, such as
acid-base, redox, or complexometric titrations, by using appropriate reagents
and indicators.

What is the expected outcome of Experiment 5?
The expected outcome of Experiment 5 is to accurately identify the
concentration of the unknown solution and gain practical experience in
titration techniques.
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