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Understanding titration processes is fundamental in analytical chemistry, especially when determining
the concentration of unknown solutions. In this article, we explore a specific titration involving 80.0
mL of an unknown phosphoric acid (HsPOa) solution that requires exactly 126 mL of 0.218 M
potassium hydroxide (KOH) to reach the equivalence point. We will delve into the principles of acid-
base titrations, the chemical reactions involved, calculations to determine the unknown
concentration, and the significance of such analyses in practical scenarios.

Introduction to Acid-Base Titration

Titration is a quantitative analytical method used to determine the concentration of an unknown
solution by reacting it with a solution of known concentration. The process involves the addition of a
titrant until the reaction reaches the equivalence point, where stoichiometrically equivalent amounts
of acid and base have reacted.

Key Components of Titration:
- Titrant: A solution of known concentration (here, KOH).

- Analyte: The solution of unknown concentration (here, H3POa4).
- Indicator: A substance that changes color at the equivalence point to signal completion.

Understanding the Chemical Reaction Between H:PO4
and KOH

Phosphoric acid (HsPQOa4) is a triprotic acid, meaning it can donate up to three protons (H*) per
molecule. Its neutralization with potassium hydroxide (KOH) involves multiple steps:

Stepwise Dissociation and Neutralization:
1. H3PO4 + KOH - KH2PO4 + H20

2. KH2POs 4+ KOH - K2HPO4 + H20

3. K2HPOs 4+ KOH - KsPOs + H20

In titration, the overall neutralization involves three equivalents of KOH per mole of H3POs,
corresponding to the three acidic protons.



Chemical Equation:

\[
\text{H} 3\text{PO} 4 + 3\, \text{KOH} \rightarrow \text{K} 3\text{PO} 4 + 3\, \text{H} 2\text{O}
\]

This stoichiometry is vital for calculations, as it indicates that one mole of H3POa4 reacts with three
moles of KOH.

Calculating the Concentration of the Unknown Hs:POa4
Solution

Given Data:

- Volume of HsPOa solution, \( V_{H _3PO_4} = 80.0\, \text{mL}\)
- Volume of KOH used, \( V_{KOH} = 126\, \text{mL}\)
- Concentration of KOH, \( C_{KOH} = 0.218\, \text{M}\)

Objective:
Determine the molarity of the unknown HsPOa solution, \( C_{H 3P0 _4}\).
Step 1: Calculate moles of KOH used

\[
n_{KOH} = C_{KOH} \times V_{KOH}

\]

Convert volume to liters:

\[
V_{KOH} = 126\, \text{mL} = 0.126\, \text{L}

\]

Calculate:

\[
n_{KOH} = 0.218)\, \text{mol/L} \times 0.126\, \text{L} = 0.027468)\, \text{mol}

\]
Step 2: Determine moles of HsPOa

Since the titration involves three equivalents of KOH per mole of H3POa:

\[
n_{H_3PO_4} = \frac{n_{KOH}}{3} = \frac{0.027468}{3} = 0.009156\, \text{mol}

\]



Step 3: Calculate molarity of HsPOa
Convert volume of H3POa to liters:

\[
V_{H _3PO 4} = 80.0\, \text{mL} = 0.080\, \text{L}
\]

Molarity:

\[

C_{H_3PO_4} = \frac{n_{H_3PO 4}}{V_{H_3PO 4}} = \frac{0.009156}{0.080} = 0.11445\,
\text{M}

\]

Final Answer:

The unknown phosphoric acid solution has an approximate concentration of 0.114 M.

Significance of Titration in Analytical Chemistry

Titration is a cornerstone technique in chemistry for quality control, environmental testing, and
research. Determining the concentration of acids like HsPOa is essential in various industries:

- Agriculture: Phosphoric acid is used in fertilizer production; accurate concentration ensures proper
nutrient formulation.

- Food Industry: Phosphoric acid is used as a flavoring agent and preservative; titration ensures safety
and consistency.

- Industrial Manufacturing: Monitoring acid concentrations for processes involving phosphates.

Accurate titrations depend on precise measurements, appropriate indicators, and understanding of
the chemical reactions involved.

Factors Affecting Titration Accuracy

Several variables influence the precision and accuracy of titration results:

- Proper Calibration of Equipment: Burettes and pipettes should be calibrated regularly.

- Choice of Indicator: The indicator must change color sharply at the equivalence point.

- Consistent Technique: Slow addition of titrant near the endpoint prevents overshooting.

- Temperature Control: Reactions are temperature-dependent; conducting titrations at room
temperature ensures consistency.

- Sample Purity: Impurities can interfere with the titration process.



Practical Applications of Titrating Phosphoric Acid

Understanding the titration of phosphoric acid has real-world implications:

- Manufacturing Quality Control: Ensuring the correct concentration of phosphoric acid in products.

- Environmental Monitoring: Detecting phosphates in water sources to assess pollution levels.

- Educational Demonstrations: Teaching stoichiometry and acid-base reactions in academic settings.
- Research and Development: Developing new formulations and products involving phosphates.

Conclusion

The titration of 80.0 mL of an unknown HsPOa solution requiring 126 mL of 0.218 M KOH provides a
clear demonstration of acid-base neutralization principles and stoichiometric calculations. By
understanding the triprotic nature of phosphoric acid and the stoichiometry involved, we determined
that the unknown solution's concentration is approximately 0.114 M. Such analyses are fundamental
in various scientific and industrial fields, highlighting the importance of precise measurements and
thorough understanding of chemical reactions. Titration remains an invaluable technique for
guantitative analysis, ensuring quality, safety, and consistency across multiple sectors.

Keywords: titration, phosphoric acid, HsPOa, potassium hydroxide, KOH, acid-base reaction,
stoichiometry, molarity, chemical analysis, quantitative analysis

Frequently Asked Questions

What is the molarity of the unknown H3P0O4 solution in the
titration?
The molarity of the H3PO4 solution is approximately 0.047 M.

How do you determine the molarity of the unknown H3P0O4
solution from the titration data?

Use the titration formula M1V1 = M2V2, considering the balanced chemical equation, to calculate the
molarity of H3PO4 based on the volume and molarity of KOH used.

What is the balanced chemical equation for the titration
between H3P0O4 and KOH?

The balanced equation is: H3PO4 + 3KOH - K3P0O4 + 3H20.



How many moles of KOH were used in the titration?
Moles of KOH = 0.218 mol/L x 0.126 L = 0.027468 mol.

What is the relationship between the moles of KOH used and
the moles of H3PO4 in the titration?

From the balanced equation, 1 mole of H3PO4 reacts with 3 moles of KOH, so moles of H3P0O4 =
moles of KOH + 3.

Calculate the molarity of the unknown H3PO4 solution.

Moles of H3PO4 = 0.027468 mol + 3 = 0.009156 mol. Molarity = moles + volume in liters = 0.009156
mol + 0.08 L = 0.1145 M.

Why is it important to use the balanced chemical equation
during titration calculations?

Because it provides the molar ratio between reactants, ensuring accurate calculation of unknown
concentrations.

What assumptions are made when calculating the
concentration of the unknown H3PO4 solution?

Assumptions include complete reaction without side reactions, accurate measurement of volumes,
and that the titration reached the equivalence point.

How does the volume of KOH used affect the calculation of
the unknown acid concentration?

The volume determines the number of moles of KOH reacted, which directly influences the calculation
of the molar amount and thus the concentration of H3PO4.

What are common sources of error in titration experiments
like this?

Possible errors include misreading burette volumes, incomplete reactions, contamination, or
inaccurate standardization of titrant concentration.

Additional Resources

The Titration Of 80.0 ML Of An Unknown Concentration H3PO4 Solution Requires 126 ML Of 0.218 M
KOH Solution is a classic example of acid-base titration, an essential technique in analytical chemistry
used to determine the unknown concentration of an acid or base. This particular titration provides
valuable insights into the principles of molarity, stoichiometry, and acid-base reactions, illustrating
how quantitative analysis is achieved through careful measurement and calculation. The process



involves reacting a known volume and concentration of potassium hydroxide (KOH), a strong base,
with an unknown concentration of phosphoric acid (HsPOa4), a triprotic acid, to determine its molarity.
This detailed examination not only highlights the steps involved but also explores the underlying
chemistry, calculations, and potential sources of error, offering a comprehensive understanding
suitable for students, educators, and practitioners alike.

Understanding the Chemistry of the Titration

Characteristics of Phosphoric Acid (H:PO4)

Phosphoric acid is a triprotic acid, meaning it has three hydrogen ions (H*) that can be donated in
solution. Its chemical structure allows it to undergo three successive neutralization reactions:

\[ \mathrm{H_3PO 4} + \mathrm{3KOH} \rightarrow \mathrm{K 3PO 4} + 3\mathrm{H 20} \]

The multiple proton dissociations make titration slightly more complex compared to monoprotic acids
like HCI. Each dissociation has its own equilibrium, but for titration purposes, the complete
neutralization can be represented by the overall reaction.

Role of Potassium Hydroxide (KOH)

KOH is a strong base that fully dissociates in water:

\[ \mathrm{KOH} \rightarrow \mathrm{K~+} + \mathrm{OH"-} \]

It reacts with the HsPOa solution in a straightforward stoichiometric manner, allowing us to determine
the unknown molarity of the acid based on the volume and concentration of KOH used to reach the
equivalence point.

Calculations and Determination of the Unknown
Concentration

Step 1: Write the Balanced Chemical Equation

Since phosphoric acid is triprotic, the neutralization reaction with KOH can be expressed as:
\[ \mathrm{H_3PO 4} + 3\mathrm{KOH} \rightarrow \mathrm{K 3PO 4} + 3\mathrm{H 20} \]
This indicates that 1 mole of H3PO4 reacts with 3 moles of KOH.

Step 2: Calculate Moles of KOH Used

Given:
- Volume of KOH =126 mL =0.126 L



- Concentration of KOH = 0.218 M

Moles of KOH:
\[ \text{moles KOH} = \text{concentration} \times \text{volume} = 0.218\, \text{mol/L} \times
0.126\, \text{L} = 0.027468\, \text{mol} \]

Step 3: Determine Moles of H:PO4

From the stoichiometry:

\[ 1\, \text{mol H} 3\text{PO} 4 : 3\, \text{mol KOH} \]

Therefore:

\[ \text{moles H} 3\text{PO} 4 = \frac{\text{moles KOH}}{3} = \frac{0.027468}{3} \approx
0.009156\, \text{mol} \]

Step 4: Calculate the Molarity of the Unknown HsPO4 Solution
Given volume of HsPOs4 = 80.0 mL = 0.080 L

Molarity:
\[ \text{Molarity of H} 3\text{PO} 4 = \frac{\text{moles H} 3\text{PO} 4}{\text{volume in liters}}
= \frac{0.009156}{0.080} \approx 0.11445\, \text{M} \]

Conclusion:
The unknown phosphoric acid solution has an approximate molarity of 0.114 M.

Features and Significance of the Titration Process

Features of This Titration

- Precision: Using accurate volumetric measurements ensures reliable results.

- Stoichiometric Analysis: The reaction's stoichiometry directly relates the volumes and molarities,
simplifying calculations.

- Multiple Proton Dissociations: Highlights the complexity of triprotic acids and their titration behavior.
- Educational Value: Demonstrates important concepts such as molarity, molar ratios, and titration
endpoints.

Significance in Analytical Chemistry

- Quantitative Analysis: Enables determination of unknown concentrations with high accuracy.

- Quality Control: Used extensively in industry for quality assurance of chemical products.

- Environmental Testing: Assists in analyzing environmental samples for pollutants like phosphates.
- Research Applications: Facilitates studies involving acid-base equilibria and buffer systems.



Potential Sources of Error and Limitations

Common Errors in Titration

- Misreading the Endpoint: Relying on color change or pH indicator may lead to inaccuracies.

- Inaccurate Volumes: Parallax errors when reading burettes or pipettes.

- Impure Reagents: Contaminants can affect titration accuracy.

- Incomplete Reaction: Insufficient mixing or slow addition may cause overshoot or undershoot of the
endpoint.

- Temperature Variations: Affect the reaction kinetics and solubility, influencing results.

Limitations of the Method

- Assumes Complete Reaction: Assumes all acid reacts with base, which may not be true if impurities
exist.

- Requires Proper Technique: Demands skill and attention to detail.

- Limited to Homogeneous Solutions: Not suitable for heterogeneous or complex mixtures without
prior separation.

Advantages and Disadvantages

Advantages

- Relatively Simple and Cost-effective: Requires basic laboratory equipment.

- High Accuracy and Precision: When performed correctly, yields reliable results.

- Widely Applicable: Suitable for various acids and bases, including polyprotic acids like H3POa.
- Educational Value: Clarifies fundamental titration principles.

Disadvantages

- Time-consuming: Multiple steps and careful endpoint detection.

- Dependent on Skilled Technique: User error can significantly affect accuracy.

- Limited to Homogeneous Solutions: Not suitable for insoluble or complex mixtures without
adjustments.



Practical Applications and Broader Context

Industrial and Environmental Applications

- Determining phosphate concentrations in water samples to monitor pollution.
- Quality control in manufacturing of fertilizers containing phosphates.
- Calibration of analytical instruments used in environmental testing labs.

Educational and Research Uses

- Teaching fundamental principles of acid-base chemistry.
- Developing and validating analytical methods.
- Studying the dissociation constants of polyprotic acids like H3POa.

Future Directions and Improvements

- Using pH meters for more precise endpoint detection.
- Automation of titration processes for higher throughput.
- Developing more accurate indicators or spectrophotometric methods for endpoint detection.

Summary and Final Thoughts

The titration of 80.0 mL of an unknown concentration HsPOa solution requiring 126 mL of 0.218 M KOH
exemplifies a fundamental analytical method in chemistry. Through stoichiometric calculations, we
deduced that the unknown phosphoric acid solution has an approximate molarity of 0.114 M. This
process underscores the importance of understanding reaction stoichiometry, precise measurement,
and careful technique in analytical procedures. While titration remains a cornerstone method in
chemistry, awareness of its potential errors and limitations is crucial for obtaining accurate results. Its
broad applications, from environmental monitoring to industrial quality control, highlight its ongoing
significance in scientific and practical contexts. Overall, this titration not only demonstrates core
chemical principles but also serves as a foundation for more advanced analytical techniques, fostering
a deeper appreciation for quantitative analysis in chemistry.
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