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The process of determining the percent yield of a chemical reaction is fundamental in understanding the efficiency
of a chemical process. In this case, the reaction involves phosphorus trichloride (PCl3) reacting with water
(H2O) to produce phosphorous acid (H3PO3) and hydrochloric acid (HCl). To accurately find the percent yield
of HCl, it is essential to first analyze the balanced chemical equation, understand the theoretical yield, and
compare it with the actual yield obtained through experimentation. This article provides an in-depth
exploration of these steps, delving into stoichiometry, molar calculations, and the concept of percent yield in
chemical reactions.

Understanding the Balanced Chemical Equation

The Unbalanced Reaction

The initial unbalanced reaction is expressed as:

PCl3 + H2O � H3PO3 + HCl

However, to accurately analyze the reaction, it must be balanced to obey the law of conservation of mass,
meaning the number of atoms of each element should be equal on both sides.

Balancing the Equation

Let's balance the reaction step by step:

Count the atoms of each element on both sides:1.

Left side: P=1, Cl=3, H=2 (from H2O), O=1

Right side: P=1 (in H3PO3), H=3 (in H3PO3), P=1, O=3, H=1 (in HCl), Cl=1

Notice that the number of Cl atoms on the left is 3, but only 1 on the right. To balance Cl, we need 32.
HCl molecules:

Updated reaction:

PCl3 + H2O � H3PO3 + 3HCl



Now, count the atoms again:3.

Left: P=1, Cl=3, H=2, O=1

Right: P=1, H=3 (in H3PO3)+3 (in HCl) = 6, O=3, Cl=3

We see that H and O are unbalanced. To balance oxygen and hydrogen, note that water provides H and O. The
right side has 3 O and 6 H; so, on the left, water must supply these atoms.

Final Balanced Equation

The balanced chemical reaction should be:

PCl3 + 3H2O � H3PO3 + 3HCl

This balances all elements:

P: 1 on both sides

Cl: 3 on both sides

H: 6 (from 3H2O) on the left; 3 (in H3PO3) + 3 (in 3HCl) = 6 on the right

O: 3 on both sides

Calculating Theoretical Yield of HCl

Introduction to Stoichiometry

Stoichiometry involves calculating the amounts of reactants and products in a chemical reaction based on
the balanced equation. To determine the percent yield, we need two key values:

Theoretical yield of HCl (the maximum amount predicted by stoichiometry)

Actual yield of HCl (obtained from experiment)

Calculating Theoretical Yield

Suppose we start with a known amount of PCl3. To perform calculations, select a hypothetical initial
amount of PCl3, for example, 1 mole. Here's how to proceed:



Step-by-step Calculation

Identify the mole ratio from the balanced equation:1.

1 mol PCl3 reacts with 3 mol H2O to produce 3 mol HCl

Calculate the moles of HCl produced:2.

From 1 mol PCl3, the maximum HCl produced is 3 mol

Convert moles of HCl to grams:3.

Molar mass of HCl ≈ 36.46 g/mol

Grams of HCl = 3 mol × 36.46 g/mol ≈ 109.38 g

Therefore, the theoretical yield of HCl when starting with 1 mol of PCl3 is approximately 109.38 grams.

Determining Actual Yield and Percent Yield

Understanding Actual Yield

Actual yield refers to the amount of product obtained from an experiment. It is usually less than the
theoretical yield due to incomplete reactions, side reactions, or losses during handling.

Calculating Percent Yield

The percent yield is calculated using the formula:

Percent Yield = (Actual Yield / Theoretical Yield) × 100%

Example Calculation

Suppose an experiment yields 85 grams of HCl from the reaction starting with 1 mol of PCl3. The percent yield
would be:

Percent Yield = (85 g / 109.38 g) × 100% ≈ 77.75%

This indicates that approximately 77.75% of the theoretical maximum amount of HCl was obtained in the
experiment.



Factors Affecting Percent Yield

Common Influencing Factors

Reaction completeness: Not all reactants may react fully.

Side reactions: Unintended reactions can reduce yield.

Purity of reactants: Impurities can affect reaction efficiency.

Loss during transfer: Spillage or sticking to containers can cause product loss.

Measurement errors: Inaccurate weighing or measurement can impact yield calculation.

Strategies to Improve Yield

Ensure reactants are pure and measured accurately.

Optimize reaction conditions such as temperature and pressure.

Use appropriate reaction techniques to minimize losses.

Repeat reactions to confirm consistency and reliability.

Conclusion

Understanding the balanced chemical equation is a fundamental step in calculating the theoretical yield of
products like HCl. By applying stoichiometry, chemists can predict the maximum amount of product expected
from a given amount of reactant. The percent yield then provides insight into the efficiency of the reaction in
practice, highlighting possible areas for optimization. In the specific reaction of PCl3 with water to produce
H3PO3 and HCl, the stoichiometric relationships allow precise calculations, guiding both laboratory and
industrial processes. Recognizing the factors that influence yield is essential for improving reaction efficiency
and ensuring cost-effective and environmentally sustainable chemical manufacturing.

Frequently Asked Questions

What is the balanced chemical equation involving PCl3, H2O, H3PO3, and
HCl?

The balanced equation is PCl3 + 3H2O � H3PO3 + 3HCl.

How do you determine the theoretical yield of HCl in this reaction?

The theoretical yield of HCl is calculated based on the initial amount of PCl3 used, using stoichiometry from
the balanced equation.



What data is needed to calculate the percent yield of HCl?

You need the actual yield of HCl obtained experimentally and the theoretical yield calculated from the
reactant quantities.

How is the percent yield of HCl calculated?

Percent yield = (Actual yield of HCl / Theoretical yield of HCl) × 100%.

What is the significance of the percent yield in this reaction?

It indicates the efficiency of the reaction and how much product was obtained compared to the maximum possible
amount.

If 10 grams of PCl3 are used, how do you find the theoretical yield of HCl?

First, convert 10 g PCl3 to moles, then use the molar ratio from the balanced equation to find moles of HCl
produced, and convert that to grams.

Why might the actual yield of HCl be less than the theoretical yield?

Due to side reactions, incomplete reactions, losses during handling, or measurement errors.

Can this reaction be used to produce HCl commercially? Why or why not?

While the reaction can produce HCl, industrial production typically uses more efficient methods; this reaction
is more relevant for academic or small-scale purposes.

Additional Resources
Percent Yield

---

Introduction

In the realm of chemical reactions and laboratory synthesis, the concept of percent yield is fundamental. It
serves as a quantitative measure of reaction efficiency, reflecting how much product is obtained compared to
the theoretical maximum predicted by stoichiometry. For students, educators, and professional chemists alike,
understanding how to interpret and calculate percent yield is crucial for evaluating experimental success,
optimizing reaction conditions, and ensuring cost-effective processes.

Today, we delve into an intriguing chemical reaction involving phosphorus trichloride (PCl₃), water (H₂O),
phosphorous acid (H₃PO₃), and hydrochloric acid (HCl). Specifically, we'll analyze the reaction:

PCl₃ + 3H₂O � H₃PO₃ + 3HCl

Our focus will be on determining the percent yield of HCl produced in this reaction, exploring the underlying
chemistry, steps to calculate theoretical yields, and factors influencing actual yields.

---

Understanding the Reaction

The Reaction Overview



The given chemical equation:

PCl₃ + 3H₂O � H₃PO₃ + 3HCl

represents a hydrolysis process where phosphorus trichloride reacts with water to form phosphorous acid and
hydrochloric acid. This is a typical phosphorus halide hydrolysis, often conducted in industrial and
laboratory settings to produce acids and other phosphorus compounds.

Key Components and Their Roles

- PCl₃ (Phosphorus trichloride): A reactive phosphorus halide used as a precursor in synthesizing phosphoric
acids, pesticides, and flame retardants.

- H₂O (Water): The hydrolyzing agent that converts PCl₃ into phosphorous acid and HCl.

- H₃PO₃ (Phosphorous acid): A triprotic acid used in electroless plating, as a reducing agent, and in other
industrial applications.

- HCl (Hydrochloric acid): A strong acid produced as a byproduct, significant in various industrial processes.

---

Theoretical Background

Balancing the Chemical Equation

The provided unbalanced equation:

PCl₃ + 3H₂O � H₃PO₃ + 3HCl

is balanced as written, with one mole of phosphorus trichloride reacting with three moles of water to produce
one mole of phosphorous acid and three moles of hydrochloric acid.

Calculating Theoretical Yield

The theoretical yield of a product like HCl is based on the initial amount of limiting reactant—here, PCl₃. To
compute it, we need:

- The amount (in moles or grams) of PCl₃ used.
- The molar ratio from the balanced equation.

Once the molar amount of PCl₃ is known, the molar ratio from the balanced equation (1:3 for PCl₃:HCl)
allows us to find the maximum amount of HCl that could be produced under ideal conditions.

---

Step-by-Step Calculation of Percent Yield

1. Identifying the Reactants and Products

Assuming an experimental setup where a known amount of PCl₃ is reacted, and the actual amount of HCl
produced is measured, the key steps are:

- Determine initial moles of PCl₃.
- Calculate the theoretical moles of HCl formed.
- Measure the actual moles (or grams) of HCl obtained.
- Compute percent yield using:

\[



\text{Percent Yield} = \left( \frac{\text{Actual Yield}}{\text{Theoretical Yield}} \right) \times 100\%
\]

2. Calculating Moles of PCl₃

Suppose, for example, you start with 10 grams of PCl₃.

- Molar mass of PCl₃:

\[
M_{PCl_3} = 30.97\, (P) + 3 \times 35.45\, (Cl) = 137.32\, \text{g/mol}
\]

- Moles of PCl₃:

\[
n_{PCl_3} = \frac{10\, \text{g}}{137.32\, \text{g/mol}} \approx 0.0728\, \text{mol}
\]

3. Determining Theoretical Yield of HCl

- From the balanced equation, 1 mol PCl₃ yields 3 mol HCl.

- Moles of HCl:

\[
n_{HCl,\text{theoretical}} = 3 \times n_{PCl_3} = 3 \times 0.0728 \approx 0.2184\, \text{mol}
\]

- Molar mass of HCl:

\[
M_{HCl} = 1.008 + 35.45 = 36.46\, \text{g/mol}
\]

- Theoretical mass of HCl:

\[
m_{HCl,\text{theoretical}} = n_{HCl} \times M_{HCl} \approx 0.2184 \times 36.46 \approx 7.97\, \text{g}
\]

4. Measuring Actual Yield

Suppose after the reaction and purification, 6.5 grams of HCl is isolated.

5. Calculating Percent Yield

Using the formula:

\[
\text{Percent Yield} = \left( \frac{6.5\, \text{g}}{7.97\, \text{g}} \right) \times 100\% \approx 81.5\%
\]

This indicates that approximately 81.5% of the theoretical maximum amount of HCl was obtained.

---

Factors Affecting Percent Yield



Understanding what influences the yield helps optimize reactions and troubleshoot inefficiencies.

1. Reaction Conditions

- Temperature: Excessively high or low temperatures can slow or inhibit reactions.
- Pressure: Particularly relevant in gaseous reactions, though less so here.
- Reaction Time: Insufficient time may lead to incomplete reactions.

2. Purity of Reactants

Impurities in starting materials can reduce the actual yield.

3. Side Reactions

Competing reactions may consume reactants or produce unwanted byproducts, decreasing yield.

4. Loss During Purification

Physical losses during filtration, transfer, or evaporation reduce the recovered amount of HCl.

5. Measurement Accuracy

Errors in weighing or measuring reactants and products can skew yield calculations.

---

Practical Applications and Significance

Calculating percent yield isn't merely an academic exercise; it has real-world implications:

- Industrial Scale Production: Ensuring cost-effective manufacturing processes.
- Research and Development: Optimizing reaction conditions for maximum output.
- Quality Control: Verifying product purity and process consistency.
- Educational Demonstrations: Illustrating fundamental principles of stoichiometry.

In the context of producing HCl via phosphorus trichloride hydrolysis, understanding yield helps refine
industrial processes for producing hydrochloric acid, a vital chemical used in metal cleaning, pH regulation,
and chemical synthesis.

---

Conclusion

The reaction:

PCl₃ + 3H₂O � H₃PO₃ + 3HCl

serves as a classic example of hydrolysis chemistry, with clear stoichiometric relationships allowing for
straightforward calculations of theoretical and actual yields. By understanding the foundational
principles—balancing equations, calculating molar amounts, and accounting for reaction efficiency—chemists
can accurately determine the percent yield of HCl produced.

This process not only enhances comprehension of chemical reactions but also underscores the importance of
meticulous experimental procedures and analytical precision. Whether in academic laboratories or industrial
plants, mastery over percent yield calculations remains an essential skill, driving improvements in reaction
efficiency, economic viability, and environmental sustainability.

---
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Note: The actual percent yield in a specific experiment would depend on the real measured quantities, and the
above calculations serve as a detailed example to illustrate the process.
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