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(3) The Titration Of A 45.00 ML Sample Of Barium Hydroxide Solution Of
Unknown Concentration Requires a precise and systematic approach to determine its
molarity. Titration is a fundamental technique in analytical chemistry used to find the
concentration of an unknown solution by reacting it with a solution of known concentration.
In this case, the goal is to accurately ascertain the molarity of a barium hydroxide (Ba(OH)2)
solution using titration with an appropriate acid, typically hydrochloric acid (HCI). Proper
preparation, understanding of the chemical reaction, and meticulous technique are
essential for obtaining reliable results.

Understanding the Titration Process for Barium
Hydroxide

Titration involves gradually adding a titrant (a standard solution of known concentration) to
a analyte (the solution of unknown concentration) until the reaction reaches its equivalence
point. For barium hydroxide, the typical titrant is a strong acid such as HCI because of its
predictable reaction and ease of detection.

Chemical Reaction Between Barium Hydroxide and
Hydrochloric Acid

The fundamental reaction during titration is a neutralization process:

e Ba(OH)z (aq) + 2 HCI (aqg) = BaClz (aq) + 2 H20 ()

This reaction indicates that one mole of barium hydroxide reacts with two moles of
hydrochloric acid. Understanding this stoichiometry is critical for calculations after titration.

Preparation for the Titration

Before performing the titration, proper preparation ensures accuracy and repeatability.

Gathering Materials and Equipment

A typical setup includes:

e Standardized HCI solution (the titrant)



45.00 mL sample of barium hydroxide of unknown concentration

Burette and pipette for accurate measurement

Conical flask (Erlenmeyer flask)

Distilled or deionized water for rinsing

Indicators such as phenolphthalein or methyl orange to detect the endpoint

Standardizing the Titrant

If the HCI solution is not pre-standardized, it must be titrated against a primary standard to
determine its exact molarity. This step is crucial because the accuracy of the unknown
solution's concentration depends heavily on knowing the titrant's precise concentration.

Preparing the Barium Hydroxide Sample

Ensure the 45.00 mL sample is accurately measured using a pipette, transferred to the
Erlenmeyer flask, and mixed thoroughly with a small amount of distilled water to facilitate
titration.

Performing the Titration

The titration process involves careful, step-by-step addition of the titrant until the
equivalence point.

Step-by-Step Procedure

1. Fill the burette with the standardized HCI solution, ensuring no air bubbles are present
and record the initial volume.

2. Add a few drops of an appropriate indicator (phenolphthalein is common for strong
acid-strong base titrations) to the barium hydroxide solution.

3. Begin titrating by slowly adding HCI from the burette to the barium hydroxide solution
while swirling the flask continuously to mix.

4. Watch for color change at the endpoint—phenolphthalein turns from pink to colorless
when excess base is neutralized.

5. When the endpoint is reached, record the final volume of HCI in the burette.



Repeating for Accuracy

Perform multiple titrations (at least three) to ensure consistent results. Discard any
anomalous titrations and calculate the average volume of titrant used.

Calculations to Determine the Concentration of
Barium Hydroxide

Once the titration data are collected, calculations are performed to find the molarity of the
unknown Ba(OH)2z solution.

Step 1: Calculate Moles of HCI| Used

Determine the volume of HCl used in liters:

\[ V_{HCI} = \text{Final volume} - \text{Initial volume} \]
Calculate moles of HCI:

\[ \text{moles HCI} = M_{HCI} \times V_{HCI} \]

Where:

-\( M_{HCI} \) = molarity of the hydrochloric acid (known)
-\( V_{HCI} \) = volume of HCI used in liters

Step 2: Use Stoichiometry to Find Moles of Ba(OH):

From the balanced chemical equation:

\[ \text{Ba(OH)} 2 + 2 \text{HCI} \rightarrow \text{BaCl} 2 + 2 \text{H} 2\text{O} \]
It follows that:

\[ 1 \text{ mol Ba(OH)} 2 \text{ reacts with } 2 \text{ mol HCI} \]

So, the moles of Ba(OH): in the original sample are:

\[ \text{moles Ba(OH)} 2 = \frac{\text{moles HCI}} {2} \]

Step 3: Calculate the Molarity of Barium Hydroxide

The molarity (concentration) of Ba(OH)2 is:
\[ M_{Ba(OH)_2} = \frac{\text{moles Ba(OH)}_2}{\text{volume of sample in liters}} \]

Given:
- Volume of sample = 45.00 mL = 0.04500 L



Putting it all together:
\[ M_{Ba(OH) 2} = \frac{\text{moles HCI} / 2}{0.04500 \text{ L} } \]

This yields the molarity of the barium hydroxide solution, completing the titration process.

Factors Affecting Accuracy and Precision

Achieving reliable results depends on controlling various factors:

Proper Technique

e Consistent swirling during titration to ensure uniform mixing
e Careful reading of burette volumes to avoid parallax errors

* Using high-quality indicators to accurately detect the endpoint

Calibration and Standardization

e Regular calibration of volumetric equipment

e Standardizing titrant solutions to determine their exact concentration

Environmental Conditions

e Avoiding drafts and temperature fluctuations that may affect measurements

Conclusion

The titration of a 45.00 mL sample of barium hydroxide solution of unknown concentration
is a meticulous process that hinges on precise measurement, proper technique, and
thorough calculations. By understanding the chemical reaction, carefully performing the
titration, and accurately analyzing the data, chemists can reliably determine the molarity of
the barium hydroxide solution. This process not only exemplifies core principles of
analytical chemistry but also demonstrates the importance of precision and attention to
detail in laboratory work, ensuring that results are both accurate and reproducible.



Frequently Asked Questions

What is the typical procedure for titrating a barium
hydroxide solution of unknown concentration?

The procedure involves adding a standard acid, such as sulfuric acid, to the barium
hydroxide solution gradually until the neutralization point is reached, indicated by a color
change with a suitable indicator or pH meter.

How do you determine the concentration of barium
hydroxide using titration?

By measuring the volume of standard acid required to reach the endpoint of titration, and
knowing its concentration, you can calculate the molarity of barium hydroxide using the
balanced chemical equation and stoichiometry.

What indicators are suitable for titrating barium
hydroxide solutions?

Phenolphthalein is commonly used because it changes color around pH 8.3, which is
appropriate for titrations involving strong bases like barium hydroxide and strong acids.

What are common sources of error in titrating barium
hydroxide solutions?

Errors can arise from inaccurate measurement of volumes, improper indicator choice,
incomplete mixing, or endpoint misjudgment, all of which can affect the calculated
concentration accuracy.

Why is it important to accurately determine the
concentration of barium hydroxide in a sample?

Accurate concentration data is crucial for applications requiring precise chemical reactions,
such as in laboratories, industrial processes, or environmental testing, to ensure safety and
effectiveness.

Additional Resources

The Titration Of A 45.00 mL Sample Of Barium Hydroxide Solution Of Unknown
Concentration Requires

Titration, a fundamental analytical chemistry technique, is employed to determine the
unknown concentration of a solution by reacting it with a solution of known concentration
until the reaction reaches its equivalence point. When dealing with barium hydroxide
(Ba(OH)2), a strong base, titration provides an accurate means of quantifying its



concentration, crucial for various industrial, environmental, and research applications. This
comprehensive review delves into the specifics of titrating a 45.00 mL sample of barium
hydroxide of unknown concentration, exploring the underlying principles, detailed
procedures, calculations, and common pitfalls.

Understanding Barium Hydroxide and Its
Significance in Titration

Properties of Barium Hydroxide

Barium hydroxide is an inorganic compound with the chemical formula Ba(OH)z. It is a
white, crystalline solid that is highly soluble in water, producing a strongly alkaline solution.
Its molar mass is approximately 171.34 g/mol, and it dissociates completely in aqueous
solution:

\[ \mathrm{Ba(OH)_2 (aq)} \rightarrow \mathrm{Ba~{2+} (aq)} + 2\, \mathrm{OH"-
(ag)} \I

This complete dissociation makes barium hydroxide a strong base, which is essential for
titration purposes because it reacts stoichiometrically with acids.

Applications and Importance

- Industrial uses: In the manufacturing of glass, ceramics, and as a reagent in chemical
syntheses.

- Analytical chemistry: For titrimetric determinations of acids, such as sulfuric acid,
hydrochloric acid, and other acids.

- Environmental testing: To determine the acidity or alkalinity of samples.

Principle of Titration with Barium Hydroxide

Stoichiometry of the Reaction

The titration of barium hydroxide involves reacting it with a known or unknown acid,
typically sulfuric acid (H2S0a4), due to its predictable molar ratio:

\[ \mathrm{Ba(OH) 2 + H 2SO 4 \rightarrow BaSO 4 (s) + 2\, H 20} \]

The key point is the molar ratio: 1 mol of Ba(OH)z2 reacts with 1 mol of H250a. This



stoichiometry allows the calculation of the base or acid concentrations based on titration
data.

Equivalence Point and Indicators

- The equivalence point occurs when the amount of titrant added exactly reacts with the
analyte in the correct molar ratio.

- Common indicators for such titrations include methyl orange or phenolphthalein,
depending on the acid used.

- For titrations involving strong base and strong acid, phenolphthalein (which changes from
pink to colorless around pH 8.2-10.0) is often preferred.

Preparation and Conduct of the Titration

Sample Preparation

- The sample of barium hydroxide (45.00 mL) must be accurately measured using a pipette
or burette, ensuring minimal error.
- The solution should be well-mixed and free from contamination or impurities.

Selection and Preparation of Titrant

- A standard solution of sulfuric acid (H250a4), with a known concentration, is typically used
as the titrant.

- The acid should be prepared with high purity, accurately standardized, and stored
properly to prevent contamination or evaporation.

Performing the Titration

1. Set up apparatus:

- Use a burette, pipette, or volumetric flask for accurate measurement.

- Ensure all glassware is clean and rinsed with the solutions to be used to prevent dilution
errors.

2. Add the analyte:
- Transfer 45.00 mL of the barium hydroxide solution into a conical flask.
- Add a few drops of an appropriate indicator (e.g., phenolphthalein).

3. Titrate with the standard acid:

- Slowly add the acid from the burette to the base while swirling continuously.

- Observe the color change: in the case of phenolphthalein, the solution remains pink in
basic conditions and turns colorless at the endpoint.



4. Record the volume:
- Note the volume of acid used to reach the endpoint.
- Repeat the titration until consistent results are obtained (typically within 0.1 mL).

Calculations for Determining the Unknown
Concentration

Basic Formula

The core calculation is based on the titration data and the molar relationships:
\[ C_{base} \times V_{base} = C_{acid} \times V_{acid} \]

Where:

-\( C_{base} \) = concentration of barium hydroxide (unknown) (mol/L)

-\( V_{base} \) = volume of barium hydroxide sample (45.00 mL or 0.04500 L)
-\( C_{acid} \) = concentration of the standard acid (mol/L)

-\( V_{acid} \) = volume of acid used at the endpoint (measured during titration)

Step-by-Step Calculation Process

1. Determine molar amount of acid:
\[ n_{acid} = C_{acid} \times V_{acid} \]

2. Use molar ratio to find moles of Ba(OH):
- Since 1 mol of Ba(OH)2 reacts with 1 mol of H2SOa,
\[ n_{Ba(OH) 2} = n_{acid} \]

3. Calculate the concentration of Ba(OH)a:
\[ C_{Ba(OH) 2} = \frac{n_{Ba(OH) 2} }{V {sample}} \]

Where \( V_{sample} \) is 0.04500 L.

Example:
Suppose the titration with 0.1000 M H2S0a4 required 25.50 mL (0.02550 L) to reach the
endpoint.

- Moles of H2S0a:
\[ 0.1000\, \Amathrm{mol/L} \times 0.02550\, \mathrm{L} = 2.55 \times 10"~ {-3}\,
\mathrm{mol} \]

- Moles of Ba(OH)z:
\[ 2.55 \times 10" {-3}\, \mathrm{mol} \]



- Concentration of Ba(OH)a:
\[ \frac{2.55 \times 10~ {-3}\, \mathrm{mol}}{0.04500\, \mathrm{L}} \approx 0.0567\,
\mathrm{mol/L} \]

Thus, the unknown concentration of the barium hydroxide sample is approximately 0.0567
mol/L.

Precision, Accuracy, and Error Analysis

Ensuring Accurate Results
- Calibration of Apparatus:
Regular calibration of burettes, pipettes, and balances minimizes systematic errors.

- Proper Sample Handling:
Use clean, dry glassware. Rinse with the solutions to be used to prevent dilution errors.

- Consistent Technique:
Slow addition near the endpoint and swirling help identify the precise titration point.

- Repeatability:
Conduct multiple titrations to ensure results are consistent, and average the closest values.

Common Sources of Error

- Parallax error in reading burette volumes.

- Incomplete mixing of solutions.

- Overshoot of the endpoint (particularly with color indicators).
- Impurities in reagents or sample contamination.

- Loss of sample during transfer.

Additional Considerations and Variations

Using Alternative Indicators

- For titrations where phenolphthalein is unsuitable, methyl orange may be used, especially
if titrating with a different acid.



Titration of Barium Hydroxide with Other Acids

- The principles remain similar, but the molar ratio and indicator choice may vary based on
the acid’s strength and properties.

Standardization of Titrant

- Before titrating the unknown Ba(OH): solution, the acid solution should be standardized
against a primary standard to ensure its concentration is accurate.

Calculating Purity of the Sample

- If the sample is impure, the calculated concentration will reflect the purity. Additional
steps, such as gravimetric analysis, may be necessary.

Conclusion

Titrating a 45.00 mL sample of barium hydroxide of unknown concentration is an intricate
yet precise process that hinges on meticulous technique, accurate measurements, and
thorough calculations. The key steps involve selecting an appropriate titrant, performing
careful tit
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