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For The Reaction: 2MnNO:2 + 4KOH + O: + Clz: » 2KMnO1 + 2KCl + 2H20 There Is 100 G Of
Each Reactant Available.

Introduction to the Reaction and Its Significance

Understanding chemical reactions at a fundamental level is essential for students, chemists, and
industries involved in chemical manufacturing. The reaction between manganese nitrite (MnNO2),
potassium hydroxide (KOH), oxygen (O2), and chlorine gas (Clz) leading to the formation of
potassium permanganate (KMnOa4), potassium chloride (KCl), and water (H20) is a complex yet
fascinating process. This reaction not only exemplifies redox processes but also demonstrates how
various reactants interact to produce valuable compounds.

In this article, we analyze the reaction:
2MnNO: + 4KOH + O2 + Cl2 » 2KMnOs + 2KCl + 2H20
Given that each reactant is available in a quantity of 100 grams, we will determine the limiting

reactant, calculate the theoretical yields of products, and understand the significance of this
reaction in chemical synthesis.

Understanding the Reaction Components

Reactants Overview

- Manganese Nitrite (MnNOz): An inorganic compound containing manganese in a +2 oxidation
state, with nitrite (NO2") as the ligand.

- Potassium Hydroxide (KOH): A strong base that provides K* ions and hydroxide ions (OH").

- Oxygen (0O2): Acts as an oxidizing agent in the reaction.

- Chlorine Gas (Clz): An oxidizing agent involved in oxidation-reduction processes.



Products Formed

- Potassium Permanganate (KMnOa): A strong oxidizer, manganese in a +7 oxidation state.
- Potassium Chloride (KCl): A salt formed from potassium and chloride.
- Water (H20): Formed as a byproduct from hydroxide and other reactants.

Calculating Moles of Reactants

To analyze the reaction, we first determine the number of moles of each reactant based on their
given mass (100 g each).

1. Molar Mass of Reactants

- MnNO:z:

- Mn: 54.94 g/mol

-N: 14.01 g/mol

- 02: 2 x 16.00 g/mol = 32.00 g/mol

- Total: 54.94 + 14.01 + 32.00 = 100.95 g/mol

- KOH:

- K: 39.10 g/mol

- 0: 16.00 g/mol

- H: 1.008 g/mol

- Total: 39.10 + 16.00 + 1.008 = 56.11 g/mol

- Oxygen (0Oz2):
- 32.00 g/mol

- Chlorine (Cl2):
- Cl: 35.45 g/mol
- Cl2: 2 x 35.45 = 70.90 g/mol

2. Moles of Each Reactant

| Reactant | Mass (g) | Molar Mass (g/mol) | Moles |
et

| MnNO2 | 100 | 100.95 | 100/ 100.95 = 0.991 mol |
| KOH | 100 | 56.11 | 100/ 56.11 = 1.782 mol |

| 021100 | 32.00 | 100/ 32.00 = 3.125 mol |

| Cl2| 100 | 70.90 | 100/ 70.90 = 1.410 mol |



Determining the Limiting Reactant

The balanced chemical equation is:

2MnNO: + 4KOH + 02 + Cl2 » 2KMnOa4 + 2KCI1 + 2H20
From the molar ratios, we observe:

- MnNOz2: 2 mol

- KOH: 4 mol

- 02: 1 mol

- Cl2: 1 mol

Let's compare the available moles to these ratios.

1. Manganese Nitrite (MnNO2)

- Needed for the reaction: 2 mol
- Available: 0.991 mol

Since 0.991 mol < 2 mol, MnNO: is insufficient; it is the limiting reactant.

2. Potassium Hydroxide (KOH)

- Needed: 4 mol
- Available: 1.782 mol

Insufficient as well. But since MnNO: is already limiting, the extent of the reaction depends on
MnNO: availability.

3. Oxygen and Chlorine gases

- Needed for complete reaction: 1 mol each
- Available: >1 mol, so they are in excess.

Conclusion:
MnNO: is the limiting reactant. The reaction will proceed until all MnNO: is consumed.



Calculating Theoretical Yields of Products

Since MnNO: limits the reaction, we base our calculations on its molar amount (=0.991 mol).

1. Potassium Permanganate (KMnQa4)

- Molar ratio: 2 mol MnNO2 = 2 mol KMnOa4

- Moles of KMnOa produced: 0.991 mol (since the ratio is 1:1)
- Molar mass of KMnOa:

- K: 39.10 g/mol

- Mn: 54.94 g/mol

- 04: 4 x 16.00 g/mol = 64.00 g/mol

- Total: 39.10 + 54.94 + 64.00 = 157.94 g/mol

- Mass of KMnOa:
-0.991 mol x 157.94 g/mol = 156.71 g

2. Potassium Chloride (KCl)

- Molar ratio: 2 mol MnNO2 — 2 mol KC1
- Moles of KCI: 0.991 mol

- Molar mass of KCI:

- K: 39.10 g/mol

- Cl: 35.45 g/mol

- Total: 74.55 g/mol

- Mass of KCl:
-0.991 mol x 74.55 g/mol = 73.92 g

3. Water (H20)

- Molar ratio: 2 mol MnNO:z - 2 mol H20
- Moles of H20: 0.991 mol
- Molar mass of H20: 18.015 g/mol

- Mass of H20:
-0.991 mol x 18.015 g/mol = 17.87 g



Practical Considerations and Reaction Conditions

While theoretical yields provide idealized predictions, actual yields may vary due to factors such as:
- Impurities in reactants

- Incomplete reactions

- Losses during handling

- Reaction equilibrium considerations

To maximize yield, conditions such as temperature, pressure, and mixing should be optimized based
on the reaction's nature.

Applications and Significance of the Reaction

This particular reaction showcases:

- Redox processes: Manganese transitions from +2 to +7 oxidation state.

- Industrial synthesis: Potassium permanganate is a vital oxidizer used in water treatment, organic
synthesis, and analytical chemistry.

- Waste management: The formation of KCl and H2O demonstrates safe byproduct formation.

Understanding such reactions aids in designing efficient chemical manufacturing processes and in
academic learning about oxidation-reduction reactions.

Summary of Key Calculations

e Limiting Reactant: Manganese Nitrite (MnNO3)
e Theoretical Yield of KMnOas: approximately 156.71 grams
e Theoretical Yield of KCI: approximately 73.92 grams

e Theoretical Yield of H20: approximately 17.87 grams



Conclusion

Given 100 grams each of MnNOz, KOH, Oz, and Cl», the limiting reactant is MnNO2, which dictates
the maximum amount of products formed. The reaction produces approximately 156.71 grams of
potassium permanganate, 73.92 grams of potassium chloride, and 17.87 grams of water under ideal
conditions. Recogn

Frequently Asked Questions

What is the balanced chemical equation for the reaction
involving MnO2z, KOH, Oz, and CIz?

The balanced equation is 2MnO2 + 4KOH + Oz + Cl> = 2KMnOa4 + 2KCI + 2H20.

How many moles of each reactant are initially available if 100
g of each is used?

Calculating molar masses: MnO2 = 86.94 g/mol, KOH = 56.11 g/mol, O2 = 32.00 g/mol, Cl> = 70.90
g/mol. Moles of each: MnO2 = 1.15 mol, KOH = 1.78 mol, Oz = 3.13 mol, Cl = 1.41 mol.

Which reactant is the limiting reagent based on the initial
quantities?

By comparing the molar ratios, Cl2 (1.41 mol) is the limiting reagent because the reaction requires 1
mol Clz per 2 mol MnOz2, but the available Cl is less than needed relative to MnO2, making it the
limiting reagent.

What is the theoretical yield of KMnO1 in grams?

Using the limiting reagent Clz, with 1.41 mol Clz, and the molar ratio from the balanced equation (1
mol Clz> produces 2 mol KMnOas), the moles of KMnOa4 produced are approximately 2.82 mol. The
molar mass of KMnOus is about 158.04 g/mol, so the theoretical yield is approximately 2.82 mol X
158.04 g/mol = 445.0 g.

How much KCl is expected to form in grams from the
reaction?

From the balanced equation, 1 mol Cl2 produces 2 mol KCI. With 1.41 mol Clz, the amount of KCI
formed is about 2.82 mol. The molar mass of KClI is approximately 74.55 g/mol, so the mass of KCl
produced is roughly 2.82 mol x 74.55 g/mol = 210.1 g.

What are the main practical applications of this reaction in



industry?

This reaction is used in the synthesis of potassium permanganate (KMnOas), a strong oxidizing agent
used in water treatment, disinfection, and organic synthesis, as well as in the production of
potassium chloride for fertilizers.

Additional Resources

For The Reaction: 2MnO: + 4KOH + Oz + Cl2 - 2KMnOa4 + 2KCI + 2H20 — understanding this
chemical equation is fundamental for students and professionals working in chemistry,
environmental science, and industrial processes. When 100 grams of each reactant are available, it
becomes essential to analyze the reaction's stoichiometry, determine the limiting reagent, and
calculate the theoretical yields. This guide aims to walk you through each step meticulously,
providing clarity on how to approach such a reaction with a practical perspective.

Understanding the Reaction Components

Before diving into calculations, it’s vital to comprehend what each reactant contributes:

- Manganese Dioxide (MnO:z): A manganese oxide acting as an oxidizing agent.

- Potassium Hydroxide (KOH): A strong base, providing hydroxide ions and facilitating the formation
of potassium salts.

- Oxygen (02): Acts as an oxidant, assisting in oxidation states' changes.

- Chlorine (CI2): A diatomic molecule that can participate in oxidation and reduction, often forming
chloride ions or chlorinated compounds.

The balanced chemical reaction provided is:

2 MnO2 + 4 KOH + Oz + Cl2 » 2 KMnOs + 2 KCI + 2 H20

This indicates the stoichiometric ratios between reactants and products, crucial for calculating
theoretical yields and understanding the reaction mechanism.

Step 1: Confirming the Reaction and Its Stoichiometry

The reaction suggests the oxidation of MnO: to KMnOa (potassium permanganate), a powerful
oxidizing agent, facilitated by the presence of Oz and Clz in an alkaline medium provided by KOH.

Key points:

- Manganese oxidation states change from +4 in MnO: to +7 in KMnOa.



- Chlorine may be involved in forming KCl, with Clz being reduced.
- Water is produced as a byproduct.

The balanced equation signifies:

- 2 moles of MnO: react with 4 moles of KOH, 1 mole of Oz, and 1 mole of Cl: to produce 2 moles of
KMnOs, 2 moles of KCI, and 2 moles of H20.

Step 2: Calculating Molar Masses of Reactants and
Products

To proceed with calculations, determine the molar masses:

| Substance | Formula | Molar Mass (g/mol) |

| | I |

| MnO2 | Mn = 54.94, 02 = 162=32 | 54.94 + 32 = 86.94 |

| KOH | K=39.10, O=16, H=1 | 39.10 + 16 + 1 = 56.10 |

| 02| O=16, 0=16 | 32.00 |

| Cl2 | C1=35.45, C1=35.45| 70.90 |

| KMnOs | K=39.10, Mn=54.94, 0=164=64 | 39.10 + 54.94 + 64 = 158.04 |
| KCl | K=39.10, C1=35.45 | 74.55 |

| H2O | H=1, 0=16| 18.00 |

Step 3: Converting 100 g of Each Reactant to Moles

Calculate moles of each reactant:
- MnO2: 100 g/ 86.94 g/mol = 1.15 mol
- KOH: 100 g/ 56.10 g/mol = 1.78 mol

-02: 100 g/ 32.00 g/mol = 3.13 mol
- Cl2: 100 g/ 70.90 g/mol = 1.41 mol

Step 4: Determining the Limiting Reactant

Using the molar ratios from the balanced equation, compare the available moles with the required
ratios:

| Reactant | Available moles | Required moles per the reaction | Limiting? |



I | | | |
| MnOz2 | 1.15 mol | 2 mol (per 2 MnOz) | To produce 2 KMnOs, need 1.15 mol MnO2, which is

sufficient. |

| KOH | 1.78 mol | 4 mol (per 2 MnOz) | For 1.15 mol MnO2, need (4/2)1.15=2.30 mol KOH. Available
is 1.78 mol, which is less. Limiting reagent. |

| O2 ] 3.13 mol | 1 mol (per 2 MnOz) | For 1.15 mol MnO2, need 0.575 mol O, available is 3.13 mol.
Sufficient. |

| Cl2 | 1.41 mol | 1 mol (per 2 MnOz2) | Need 0.575 mol Clz; available 1.41 mol. Sufficient. |

Conclusion: KOH is the limiting reagent because its available moles are less than required for the
amount of MnO:2 present.

Step 5: Calculating the Theoretical Yield of Products

Since KOH is limiting, the amount of product formed depends on it.
From the balanced equation:

- 4 mol of KOH produce 2 mol of KMnOsa.

Calculate moles of KMnOs formed:

- Moles of KMnOa4 = (Available KOH / 4) 2
- Moles of KMnOs = (1.78 mol / 4) 2 = 0.89 mol

Calculate the mass of KMnOa:
- Mass = moles molar mass = 0.89 mol 158.04 g/mol = 140.37 g
Similarly, for KCI:

- 4 mol KOH produce 2 mol KClI
- Moles of KC1 = (1.78 mol / 4) 2 = 0.89 mol

- Mass = 0.89 mol 74.55 g/mol = 66.33 g
Water (H20):

- 4 mol KOH produce 2 mol H2.0
- Moles of H20 = 0.89 mol

- Mass = 0.89 mol 18.00 g/mol = 16.02 g



Step 6: Final Yield Summary

| Product | Theoretical Moles | Theoretical Mass (g) |
I | | |

| KMnOs | 0.89 mol | = 140.37 g |

| KC1|0.89 mol | = 66.33 g |

| H20 | 0.89 mol | = 16.02 g |

These calculations assume complete reaction and no side reactions.

Additional Considerations

While the theoretical yields provide an ideal scenario, practical yields are often lower due to:

- Incomplete reactions

- Losses during transfer
- Side reactions

- Purity of reactants

Therefore, actual yields are typically around 80-90% of the theoretical value.

Practical Applications and Implications

Understanding the stoichiometry and limiting reagent concept is crucial in various industrial and
laboratory settings:

- Manufacturing of Potassium Permanganate: A widely used oxidizing agent in water treatment and
organic synthesis.

- Waste Management: Proper stoichiometric calculations ensure efficient use of chemicals and
minimize waste.

- Environmental Chemistry: Monitoring reaction pathways helps assess pollutant degradation or
synthesis pathways.

Summary of Key Steps

1. Identify the reactants and products from the balanced chemical equation.
2. Calculate molar masses of all reactants and products.



3. Convert given masses of reactants to moles.

4. Determine the limiting reagent based on stoichiometric ratios.

5. Calculate the theoretical yield of products from the limiting reagent.
6. Convert moles of products to grams for practical yield estimation.

Conclusion

Analyzing the reaction 2MnO2 + 4KOH + O2 + Cl2 = 2KMnOa + 2KCl + 2H20 with 100 grams of
each reactant reveals that potassium hydroxide (KOH) acts as the limiting reagent under these
conditions. This limits the maximum amount of potassium permanganate (KMnOs) that can be
produced, which is approximately 140 grams. Such calculations are essential in laboratory and
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