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INTRODUCTION TO EXPERIMENT 10 VINEGAR
ANALYSIS

Vinegar is a staple in kitchens around the world, valued for its
sharp flavor and preservative qualities. But beyond its culinary
uses, vinegar presents a fascinating subject for chemical
analysis. Experiment 10 Vinegar Analysis is a classic
laboratory procedure that introduces students and researchers to
the principles of acid-base titration. This experiment is designed
to determine the concentration of acetic acid in commercial
vinegar, a measurement that has both practical and educational
significance. Whether you are a chemistry student encountering
titration for the first time or a curious enthusiast looking to
understand the science behind everyday products, this
comprehensive guide will walk you through every aspect of the
analysis. By the end of this article, you will have a clear
understanding of how to perform the experiment, interpret the
results, and appreciate its real-world applications.

THE PURPOSE OF EXPERIMENT 10 VINEGAR ANALYSIS

The primary goal of Experiment 10 Vinegar Analysis is to

determine the percent by mass of acetic acid (CHsCOOH) in a
sample of vinegar. Acetic acid is the key component that gives
vinegar its characteristic sour taste and preservative properties.
Commercial vinegar typically contains between 4% and 8% acetic
acid by volume, though this can vary by type and brand. Through
this experiment, students learn to apply titration techniques to
quantify an unknown concentration, reinforcing concepts of
molarity, stoichiometry, and solution chemistry. Moreover, the
experiment cultivates essential lab skills such as precise
measurement, careful observation, and accurate calculation.

THEORETICAL BACKGROUND: ACID-BASE TITRATION

Titration is a quantitative analytical technique used to determine
the concentration of an unknown solution by reacting it with a
solution of known concentration. In Experiment 10 Vinegar
Analysis, the unknown is vinegar (containing acetic acid), and
the known solution (the titrant) is a standardized sodium
hydroxide (NaOH) solution. The reaction between acetic acid and
sodium hydroxide is a classic neutralization reaction:

CHsCOOH (aq) + NaOH (aq) » CHz:COONa (aq) + H20 (l)

This reaction proceeds in a 1:1 molar ratio, meaning one mole of
acetic acid reacts with one mole of sodium hydroxide. To detect
the endpoint of the titration—the point at which the acid has
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been completely neutralized—a pH indicator is used.
Phenolphthalein is the most common choice for this experiment
because it changes from colorless to a faint pink color at the
equivalence point in a strong base-weak acid titration. The
endpoint is visually distinct, allowing for accurate determination
of the volume of titrant required.

Why Standardization
Matters

Before performing the vinegar analysis, the sodium hydroxide
solution must be standardized. Experiment 10 Vinegar
Analysis typically includes a preliminary step where NaOH is
titrated against a primary standard, such as potassium hydrogen
phthalate (KHP). This ensures that the concentration of the NaOH
solution is precisely known, which is critical for accurate
calculation of the acetic acid concentration. Without proper
standardization, any error in the titrant concentration would
propagate through the entire analysis, compromising the results.

MATERIALS AND EQUIPMENT REQUIRED

To successfully conduct Experiment 10 Vinegar Analysis, you
will need the following materials and equipment:

* Vinegar sample: White distilled vinegar is typically used,
but any commercial vinegar can be analyzed.

e Standardized sodium hydroxide solution:
Approximately 0.1 M, with a precisely known concentration.

e Phenolphthalein indicator: A 1% solution in alcohol.

e Burette: 50 mL capacity, for delivering the titrant.

¢ Erlenmeyer flasks: 250 mL, for containing the vinegar
sample.

e Graduated cylinder or volumetric pipette: For
measuring the vinegar sample volume.

e Analytical balance: For mass measurements if a mass-
based approach is used.

¢ Deionized water: For diluting the sample and rinsing
equipment.

e Magnetic stirrer or stirring rod: To ensure thorough
mixing during titration.

Proper preparation of equipment is essential for accurate results.
All glassware should be clean and dry, and the burette should be
rinsed with the titrant solution before filling.

PROCEDURE FOR EXPERIMENT 10 VINEGAR ANALYSIS

The following step-by-step procedure outlines the standard
approach for Experiment 10 Vinegar Analysis. Always follow
your instructor's specific guidelines and observe all safety
protocols.

Step 1: Standardization of
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Sodium Hydroxide (if
required)

1.

2.
3.
4.

Weigh approximately 0.5 g of dried KHP accurately into an
Erlenmeyer flask.

Dissolve the KHP in about 50 mL of deionized water.

Add 2-3 drops of phenolphthalein indicator.

Titrate with the NaOH solution until a faint pink color
persists for 30 seconds.

. Record the volume of NaOH used and calculate the exact

molarity.

Step 2: Preparation of
Vinegar Sample

1.

2.

Obtain a commercial vinegar sample. Note the label
information for comparison.

Using a volumetric pipette, transfer exactly 5.00 mL of
vinegar into a clean 250 mL Erlenmeyer flask.

Add approximately 50 mL of deionized water to dilute the
sample. This dilution helps to reduce the intensity of the
color change and improve endpoint detection.

4. Add 2-3 drops of phenolphthalein indicator.

Step 3: Titration

1. Fill the burette with the standardized NaOH solution and
record the initial volume.

2. Place the Erlenmeyer flask under the burette and begin
adding NaOH slowly while swirling the flask constantly.

3. Watch for the appearance of a faint pink color. When the
color starts to form but disappears with swirling, you are
approaching the endpoint.

4. Continue adding NaOH drop by drop until the faint pink
color persists for at least 30 seconds.

5. Record the final volume of NaOH in the burette.

Step 4: Replicates and Data
Collection

Repeat the titration at least three times to ensure consistency.
The volume of NaOH used should agree within 0.1 mL for
precise results. Record all data in a well-organized table,
including initial burette reading, final burette reading, and the
volume of titrant used.

DATA ANALYSIS AND CALCULATIONS

After collecting the titration data, the next phase of Experiment
10 Vinegar Analysis is calculation. The following steps will
guide you from raw data to the final percentage of acetic acid in



the vinegar sample.

Calculating Moles of NaOH
Used

For each titration trial, calculate the moles of NaOH that reacted:

Moles of NaOH = Molarity of NaOH (mol/L) x Volume of
NaOH (L)

Determining Moles of
Acetic Acid

Because the reaction is 1:1, the moles of acetic acid are equal to
the moles of NaOH at the endpoint:

Moles of CHs:COOH = Moles of NaOH
Calculating the Mass of
Acetic Acid

Convert moles of acetic acid to grams using its molar mass
(60.05 g/mol):

Mass of CHs:COOH = Moles of CH:COOH x 60.05 g/mol

Finding the Percent by
Mass

Finally, calculate the percent by mass of acetic acid in the
original vinegar sample:

% CHsCOOH = (Mass of CHsCOOH / Mass of Vinegar
Sample) x 100%

The mass of the vinegar sample can be determined either by
weighing the pipetted volume directly or by using the density of
vinegar (typically 1.01 g/mL for white vinegar). If you used a 5.00
mL sample, the mass is approximately 5.05 g.

Example Calculation

Suppose you used 0.105 M NaOH and titrated a 5.00 mL vinegar
sample. The average volume of NaOH used in three trials is 18.50
mL. Moles of NaOH = 0.105 mol/L x 0.01850 L = 0.0019425 mol.
This equals the moles of acetic acid. Mass of acetic acid =
0.0019425 mol x 60.05 g/mol = 0.1166 g. If the vinegar mass is
5.05 g, then % = (0.1166 g / 5.05 g) x 100% = 2.31%. This value
would be compared to the label claim, which is typically around
5% for white vinegar. Note that your results may differ based on
dilution factors and sample volume adjustments.

SOURCES OF ERROR AND HOW TO MINIMIZE THEM

No laboratory experiment is entirely free from error, and
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Experiment 10 Vinegar Analysis is no exception. Recognizing
potential sources of error is a valuable part of the learning
process. Common errors include:

e Improper endpoint detection: Adding too much titrant
can overshoot the endpoint, leading to a false high reading.
Slow, careful addition near the endpoint is crucial.

e Parallax error: Reading the meniscus at eye level is
essential for accurate volume measurement.

e Contaminated equipment: Residue in the burette or
flask can affect the reaction. Always rinse and clean
thoroughly.

* Incomplete standardization: If the NaOH solution is not
accurately standardized, all subsequent calculations will be
off.

e Temperature fluctuations: Volume measurements can
change with temperature. Ideally, perform the titration at
room temperature.

To minimize errors, use calibrated equipment, practice careful
technique, and perform multiple trials. Statistical analysis of your
results, such as calculating the mean and standard deviation,
provides insight into the precision of your work.

SAFETY PRECAUTIONS FOR EXPERIMENT 10 VINEGAR
ANALYSIS

Safety is paramount in any chemistry laboratory. Although
vinegar and dilute sodium hydroxide are relatively safe, you
should always follow standard lab safety protocols:

» Wear safety goggles at all times to protect your eyes from
chemical splashes.

e Wear a lab coat or apron to protect your clothing.

e Handle sodium hydroxide carefully; it is caustic and can
cause skin irritation.

e Avoid inhaling vinegar fumes, especially from concentrated
samples.

e Keep all chemicals away from open flames (though no
flammable solvents are used in this experiment).

e Dispose of all solutions properly according to your
laboratory's waste management guidelines.

REAL-WORLD APPLICATIONS OF VINEGAR ANALYSIS

The skills and concepts learned in Experiment 10 Vinegar
Analysis extend far beyond the classroom. The ability to
determine the concentration of an acid in a consumer product
has numerous practical applications:

e Quality control in food manufacturing: Companies
must ensure that vinegar products meet regulatory
standards for acetic acid content. The titration method
used in this experiment is a standard quality control
technique.

 Home brewing and pickling: Hobbyists and artisans
often need to test acidity levels for safe preservation and
consistent flavor.

e Environmental monitoring: Acid-base titration is used to
measure the acidity of rainwater



