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When 18.02 G Of Water Is Decomposed By Electrolysis, 16.00 G Of Oxygen And
2.02 G Of Hydrogen Are Formed.

Understanding the process of water decomposition through electrolysis is
fundamental in chemistry, especially in the study of chemical reactions,
stoichiometry, and renewable energy sources. When water (H20) undergoes
electrolysis, it splits into its constituent gases—oxygen (02) and hydrogen
(H2). The specific quantities produced, namely 16.00 grams of oxygen and 2.02
grams of hydrogen from 18.02 grams of water, exemplify the principles of
molar ratios and conservation of mass within chemical reactions. This article
explores the detailed process of water electrolysis, the stoichiometric
calculations involved, and the broader significance of this reaction in
scientific and industrial contexts.

Understanding Water Electrolysis: An Overview

Electrolysis is a chemical process that uses electrical energy to drive a
non-spontaneous chemical reaction. In the case of water, electrolysis
involves passing an electric current through water to decompose it into
oxygen and hydrogen gases.

The Basic Principle

- Electrolysis Reaction: Water molecules are broken down into their elemental
components.

- Electrodes: An anode (positive electrode) attracts oxygen evolution, and a
cathode (negative electrode) attracts hydrogen evolution.

- Electrical Energy: Provides the activation energy needed to break the
chemical bonds in water molecules.

Significance of Water Electrolysis

- Hydrogen Production: Key method for generating hydrogen fuel, essential for
clean energy initiatives.

- Oxygen Supply: Industrial applications require large quantities of oxygen.
- Fundamental Chemistry: Demonstrates principles of chemical reactions, molar
calculations, and conservation laws.

Chemical Equation and Molar Ratios



The electrolysis of water can be represented by the following balanced
chemical equation:

\[ 2H 20 (1) \rightarrow 2H 2 (g) + 0 2 (g) \]
Molar Ratios
From the balanced equation:

- 2 moles of water produce 2 moles of hydrogen gas.
- 2 moles of water produce 1 mole of oxygen gas.

This indicates that:

- Hydrogen and water are in a 2:2 molar ratio (which simplifies to 1:1).
- Oxygen and water are in a 1:2 molar ratio.

Molar Masses
Understanding molar masses is essential in calculations:
| Substance | Molar Mass (g/mol) |

RELCIEEREETE R e ELATELITEPE |
| Water (H20) | 18.02 |

| Hydrogen (Hz) | 2.02 |
| Oxygen (02) | 32.00 |

Calculations: From Water to Gases

Based on the initial mass of water and the gases produced, the calculations
involve:

- Determining moles of water decomposed.

- Calculating the moles and masses of hydrogen and oxygen gases formed.
- Verifying conservation of mass.

Step 1: Moles of Water Decomposed

Given:

- Mass of water = 18.02 g

Calculation:

\ [

\text{Moles of water} = \frac{\text{Mass of water}}{\text{Molar mass of

water}} = \frac{18.02\, \text{g}}{18.02\, \text{g/mol}} = 1\, \text{mol}
\1]



Step 2: Moles of Gases Produced

From the balanced reaction:

- 2 mol water - 2 mol Hz - 1 mol O:

Thus:

- Moles of hydrogen produced:

\ [

\text{Moles of H} 2 = \text{Moles of water} \times \frac{2}{2}

\text{mol}
\1]

1\,

- Moles of oxygen produced:

\ [

\text{Moles of 0} 2 = \text{Moles of water} \times \frac{1l}{2}
\text{mol}

\1]

0.5\,

Step 3: Mass of Gases Produced

Calculations:

- Hydrogen:

\ [

\text{Mass of H} 2 = \text{Moles} \times \text{Molar mass} = 1\, \text{mol}

\times 2.02\, \text{g/mol} = 2.02\, \text{g}
\1]

- Oxygen:
\ [
\text{Mass of 0} 2 = 0.5\, \text{mol} \times 32.00\, \text{g/mol} = 16.00\,

\text{g}
\1

These calculations align with the given data, confirming the stoichiometric
expectations.

Conservation of Mass and Reaction Verification

The principle of conservation of mass states that mass cannot be created or
destroyed in a chemical reaction. Let's verify:

\ [



\text{Mass of water} = \text{Mass of oxygen} + \text{Mass of hydrogen}
\1]

\ [
18.02\, \text{g} = 16.00\, \text{g} + 2.02\, \text{g}
\1

This confirms that:

\ [

\boxed{18.02\, \text{g} = 18.02\, \text{g}}
\1]

The mass balance confirms the reaction's consistency and the accuracy of the
molar calculations.

Practical Applications of Water Electrolysis

Hydrogen Fuel Production

Hydrogen produced via electrolysis is considered a clean energy source,
especially when powered by renewable energy like solar or wind. It can be
used in:

- Fuel cell vehicles

- Power generation

- Industrial processes

Oxygen Supply for Industry and Medicine

Large-scale electrolysis provides oxygen for:

- Medical oxygen supplies

- Steel manufacturing

- Water treatment

Environmental Benefits

- Produces no greenhouse gases if powered renewably
- Supports sustainable energy strategies

Factors Affecting Electrolysis Efficiency
Several parameters influence the efficiency and yield of water electrolysis:

1. Electrolyte Composition



- Pure water has low conductivity; adding salts, acids, or bases improves
efficiency.

2. Voltage Applied

- Voltage must exceed the decomposition voltage (~1.23 V), but higher
voltages increase energy consumption.

3. Electrode Material

- Materials like platinum, iridium, or nickel are preferred for their
durability and conductivity.

4. Temperature and Pressure

- Elevated temperatures and pressures can enhance reaction rates and
efficiency.

5. Cell Design

- Optimized cell geometry and electrode arrangement improve product
collection and energy use.

Environmental and Economic Considerations

While electrolysis offers a clean method for hydrogen production,
considerations include:

- Energy Source: Renewable energy minimizes carbon footprint.

- Cost of Electrolyzers: Advances are reducing costs, making large-scale
deployment feasible.

- Water Resources: Ensuring sustainable water use, especially in arid
regions.

Future Perspectives and Innovations

Emerging trends aim to make water electrolysis more sustainable and cost-
effective:

- Solid Oxide Electrolysis: Operates at high temperatures for increased
efficiency.

- Proton Exchange Membrane (PEM) Electrolysis: Provides high purity hydrogen,
suitable for portable applications.

- Integration with Renewable Energy: Coupling electrolysis with solar and
wind farms enhances green hydrogen production.



Conclusion

The decomposition of water through electrolysis, yielding 16.00 grams of
oxygen and 2.02 grams of hydrogen from 18.02 grams of water, exemplifies
fundamental chemical principles. This process not only illustrates
stoichiometry and conservation of mass but also plays a crucial role in
advancing sustainable energy solutions. As technology progresses, water
electrolysis remains at the forefront of clean hydrogen production, offering
a pathway toward a greener future.
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By understanding the precise quantities involved in water electrolysis,
scientists and engineers can optimize processes for sustainable energy and
industrial applications, paving the way for a cleaner, greener future.

Frequently Asked Questions



What is the balanced chemical equation for the
electrolysis of water?

The balanced chemical equation for the electrolysis of water is 2H20 - 2H2 +
02.

How many moles of water are decomposed when 18.02 ¢
are electrolyzed?

The molar mass of water (H20) is approximately 18.02 g/mol, so 18.02 g
corresponds to 1 mol of water.

Based on the given data, what is the molar ratio of
hydrogen to oxygen produced during electrolysis?

From the data, 2.02 g of hydrogen (about 1 mol) and 16.00 g of oxygen (about
1 mol) are produced, confirming the molar ratio is 2:1, consistent with the
balanced equation.

Why does decomposing 18.02 g of water produce 16.00
g of oxygen and 2.02 g of hydrogen?

Because water decomposes into hydrogen and oxygen in a 2:1 molar ratio, the
mass ratio reflects the atomic masses: H (1 g), O (16 g). The total mass
remains conserved at 18.02 g.

What is the significance of the molar masses of
hydrogen and oxygen in this electrolysis process?

The molar masses (1 g/mol for Hz2 and 16 g/mol for 02) help in calculating the
amounts of gases formed during electrolysis, confirming the stoichiometry of
the reaction.

Additional Resources

Electrolysis of Water: An In-Depth Analysis of the Decomposition Process and
Its Outcomes

Introduction

Electrolysis of water is a fundamental chemical process that not only
exemplifies the principles of electrochemistry but also serves as a
cornerstone for various industrial applications, including hydrogen
production, water purification, and energy storage technologies. When



examining the electrolysis of water, precise quantitative data reveals vital
insights into the reaction mechanisms, stoichiometry, and efficiency of the
process. Today, we analyze a specific scenario: the decomposition of 18.02
grams of water results in the formation of 16.00 grams of oxygen and 2.02
grams of hydrogen.

This detailed review aims to explore the underlying principles governing this
reaction, interpret the measurements, and understand their implications

within the broader context of chemical reactions and technological
applications.

Understanding the Basic Principles of Water Electrolysis

What Is Water Electrolysis?

Water electrolysis is an electrochemical process that involves passing an
electric current through water to decompose it into its constituent
gases—hydrogen and oxygen. The reaction takes place in an electrolytic cell
containing water, often with a small amount of electrolyte (like sulfuric
acid or potassium hydroxide) to enhance conductivity.

The overall chemical reaction is:

\[ 2H 20 (1) \rightarrow 2H 2 (g) + 0 2 (g) \]

This reaction indicates that two molecules of water produce two molecules of
hydrogen gas and one molecule of oxygen gas, maintaining the stoichiometric
ratio.

The Significance of Stoichiometry

The stoichiometric coefficients highlight the mole ratio:

- 2 moles of water produce 2 moles of hydrogen.
- 2 moles of water produce 1 mole of oxygen.

This ratio directly dictates the mass relationships between reactants and
products, which is essential for understanding the experimental data.

Quantitative Data Analysis
The Given Data
- Mass of water decomposed: 18.02 grams

- Mass of oxygen formed: 16.00 grams
- Mass of hydrogen formed: 2.02 grams



The data presents a classic case of mass conservation, allowing us to verify
the reaction's stoichiometry and explore the underlying molecular
relationships.

Molecular and Molar Calculations

Step 1: Determine the moles of water decomposed

The molar mass of water (H:20):

\[ M {H 20} = (2 \times 1.008) + 16.00 = 18.016 \ \text{g/mol} \]
Number of moles of water:

\[ n {H 20} = \frac{18.02 \ \text{g}}{18.016 \ \text{g/mol}} \approx 1.000 \
\text{mol} \]

This confirms that approximately 1 mole of water is involved in the reaction,
aligning with the initial assumption.

Step 2: Calculate the moles of oxygen and hydrogen produced
- Moles of oxygen:
\[ M {0 2} = 32.00 \ \text{g/mol} \]

\[ n {0 2} = \frac{16.00 \ \text{g}}{32.00 \ \text{g/mol}} = 0.500 \
\text{mol} \]

- Moles of hydrogen:

\[ M_{H_2}

2.016 \ \text{g/mol} \]

\[ n_{H 2}
\text{mol} \]

\frac{2.02 \ \text{g}}{2.016 \ \text{g/mol}} \approx 1.001 \

These calculations reveal a 2:1 molar ratio of hydrogen to oxygen, consistent
with the reaction's stoichiometry.

Confirming the Reaction's Stoichiometry
The molar quantities are congruent with the chemical equation:
\[ 2H 20 \rightarrow 2H 2 + 0 2 \]

For 1 mol of water:



- 1 mol of oxygen (02)
- 2 mol of hydrogen (H2)

The experimental data shows:

- 0.5 mol of oxygen (matching the 1:2 molar ratio)
- Approximately 1 mol of hydrogen

This perfect alignment underscores the reaction's stoichiometry and confirms
the reaction's completeness and accuracy in the experimental setup.

Mass Conservation and Error Analysis
Theoretical vs. Actual Masses

- Total initial mass of water: 18.02 g
- Total mass of products: 16.00 g (02) + 2.02 g (Hz2) = 18.02 g

The sum confirms mass conservation, validating the experimental data's
correctness.

Possible Sources of Error:

- Gas leakage during collection
- Incomplete reactions

- Measurement inaccuracies

- Purity of water and electrolyte

Despite potential errors, the close match supports the reliability of the
data.

Practical Implications and Applications

Hydrogen Production

Hydrogen gas generated via electrolysis is a clean fuel with applications in
fuel cells, industrial processes, and energy storage. The efficiency of this
process depends on the electrode materials, electrolyte, cell design, and
energy input.

Oxygen Generation

Oxygen produced during electrolysis can be used for medical purposes,
industrial oxidation processes, or as an auxiliary product in various

chemical reactions.

Energy Considerations



Electrolysis requires electrical energy, typically measured in kilowatt-hours
per mole of hydrogen produced. The efficiency depends on the cell design and
operating conditions.

Technological Significance
Sustainable Energy

As the world shifts towards renewable energy, water electrolysis offers a
pathway to produce green hydrogen using solar or wind energy. The process's
scalability and efficiency directly influence its commercial viability.

Advances in Electrode Materials

Innovations in catalysts, like platinum, iridium, or non-precious metal
alternatives, aim to reduce energy consumption and improve durability.

Environmental Impact

Water electrolysis, when powered by renewable sources, is a zero-emission
process, making it an environmentally friendly alternative to fossil fuel-
based hydrogen production.

Conclusion

The decomposition of 18.02 grams of water into 16.00 grams of oxygen and 2.02
grams of hydrogen during electrolysis is a textbook demonstration of chemical
stoichiometry and conservation of mass. The data aligns impeccably with
theoretical predictions, illustrating the fundamental principles of
electrochemistry.

This case exemplifies how precise measurements and understanding molecular
relationships can elucidate complex chemical processes. Furthermore, as water
electrolysis technology advances, such detailed analyses will continue to
underpin innovations aimed at sustainable energy solutions and environmental
stewardship.

Understanding these nuances not only enhances our grasp of electrochemical
reactions but also paves the way for optimizing industrial processes,
advancing renewable energy applications, and fostering a cleaner, more
sustainable future.
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