
Hess Law Practice Problems

Hess's Law practice problems are essential for students of chemistry who are looking to
deepen their understanding of thermodynamics and reaction enthalpies. Hess's Law,
which states that the total enthalpy change for a reaction is the same, regardless of the
number of steps taken, allows us to calculate the enthalpy changes of reactions that may
be difficult or impossible to measure directly. This article will explore Hess's Law in detail,
present various practice problems, and provide solutions to enhance your understanding
of this important concept.

Understanding Hess's Law

Hess's Law is based on the principle of conservation of energy. It is particularly useful in
thermochemistry, where calculating the heat changes associated with chemical reactions
is fundamental. The law can be summarized in the following way:

- The enthalpy change of a reaction is independent of the path taken.
- Enthalpy is a state function, meaning it depends only on the initial and final states, not
on how the change occurs.

Key Concepts in Hess's Law

1. Enthalpy (ΔH): The heat content of a system at constant pressure. It can be positive
(endothermic) or negative (exothermic).
2. Standard Enthalpy of Formation (ΔH°f): The change in enthalpy when one mole of a
compound is formed from its elements in their standard states.
3. Standard Reaction Enthalpy (ΔH°rxn): The enthalpy change associated with a given
reaction under standard conditions.



The Importance of Hess's Law

- Calculating enthalpy changes: Many reactions cannot be studied directly due to
experimental limitations. Hess's Law allows chemists to calculate enthalpy changes
through known reactions.
- Predicting reaction feasibility: By looking at the enthalpy changes, chemists can predict
whether a reaction is likely to occur spontaneously.
- Understanding reaction mechanisms: Hess’s Law can help in analyzing complex
reactions that occur through multiple steps.

Hess's Law Practice Problems

To effectively utilize Hess's Law, practice problems are crucial. Below are several
problems that will test your understanding of the concept.

Problem 1: Combustion of Ethanol

Consider the combustion of ethanol (C2H5OH) for which the following reactions are
known:

1. C2H5OH + 3O2 → 2CO2 + 3H2O; ΔH° = -1367 kJ
2. C(s) + O2(g) → CO2(g); ΔH° = -393.5 kJ
3. H2(g) + 0.5O2(g) → H2O(l); ΔH° = -285.8 kJ

Using Hess's Law, calculate the enthalpy change for the formation of ethanol from its
elements in their standard states:

C(s) + H2(g) + 0.5O2(g) → C2H5OH(l)

Problem 2: Formation of Ammonia

Given the following reactions:

1. N2(g) + 3H2(g) → 2NH3(g); ΔH° = -92.4 kJ
2. H2(g) + 0.5O2(g) → H2O(l); ΔH° = -285.8 kJ
3. N2(g) + 2O2(g) → 2NO2(g); ΔH° = 68.4 kJ

Calculate the enthalpy change for the reaction:

2NH3(g) + 2NO2(g) → N2(g) + 3H2(g) + 2H2O(l)



Problem 3: Decomposition of Calcium Carbonate

For the following reactions:

1. CaCO3(s) → CaO(s) + CO2(g); ΔH° = 178.1 kJ
2. Ca(s) + 0.5O2(g) → CaO(s); ΔH° = -635.1 kJ
3. C(s) + O2(g) → CO2(g); ΔH° = -393.5 kJ

Determine the enthalpy change for the formation of calcium carbonate from its elements:

Ca(s) + C(s) + O2(g) → CaCO3(s)

Problem 4: Formation of Water from Hydrogen and
Oxygen

Using the following known enthalpies of reactions:

1. 2H2(g) + O2(g) → 2H2O(g); ΔH° = -483.0 kJ
2. H2(g) + 0.5O2(g) → H2O(l); ΔH° = -285.8 kJ

Calculate the enthalpy change for the reaction:

H2(g) + 0.5O2(g) → H2O(g)

Solutions to Practice Problems

Now that you have attempted the problems, here are the solutions to help you check your
work.

Solution to Problem 1

The overall reaction can be constructed from the known reactions:

1. Reverse reaction 1 to get ethanol (C2H5OH):
- 2CO2 + 3H2O → C2H5OH + 3O2; ΔH° = +1367 kJ
2. Use reactions 2 and 3 as is:
- C(s) + O2(g) → CO2(g); ΔH° = -393.5 kJ
- H2(g) + 0.5O2(g) → H2O(l); ΔH° = -285.8 kJ

Now, adding the enthalpies:

ΔH°f for C2H5OH = +1367 kJ + (-393.5 kJ 2) + (-285.8 kJ 3)
ΔH°f = +1367 kJ - 787 kJ - 857.4 kJ
ΔH°f = -277.4 kJ



Solution to Problem 2

The desired reaction can be expressed as:

2NH3(g) + 2NO2(g) → N2(g) + 3H2(g) + 2H2O(l)

We need to manipulate the reactions:

1. Reverse reaction 1:
- 2NH3(g) → N2(g) + 3H2(g); ΔH° = +92.4 kJ
2. Use reaction 2 as is:
- H2(g) + 0.5O2(g) → H2O(l); ΔH° = -285.8 kJ
3. Use reaction 3 as is:
- N2(g) + 2O2(g) → 2NO2(g); ΔH° = 68.4 kJ

Adding these gives:

ΔH°rxn = 92.4 kJ + (-285.8 kJ) + 68.4 kJ
ΔH°rxn = -124.9 kJ

Solution to Problem 3

To find the enthalpy change for the formation of calcium carbonate from its elements, we
add the following reactions:

1. Ca(s) + C(s) + O2(g) → CaCO3(s)
2. We can write it as:
- CaCO3(s) → CaO(s) + CO2(g); ΔH° = 178.1 kJ (reverse this)

Adding the reactions gives:

ΔH° = -635.1 kJ + (-393.5 kJ) + 178.1 kJ
ΔH° = -850.5 kJ

Solution to Problem 4

For the combustion of hydrogen to form water, we use the known reaction:

1. 2H2(g) + O2(g) → 2H2O(g); ΔH° = -483 kJ

To find the enthalpy change for forming water in the gaseous state, we divide by 2:

ΔH° = -483 kJ / 2 = -241.5 kJ



Conclusion

In conclusion, Hess's Law practice problems are a vital exercise for students to master the
principles of thermochemistry. By understanding the relationship between enthalpy
changes and reaction pathways, students can accurately determine the heat changes
associated with various chemical reactions. The practice problems presented in this
article, along with their solutions, serve as a valuable resource for honing your skills in
applying Hess's Law. Whether you are preparing for exams or simply looking to deepen
your understanding of thermodynamics, these problems will enhance your proficiency in
this crucial area of chemistry.

Frequently Asked Questions

What is Hess's Law and how is it applied in
thermochemistry?
Hess's Law states that the total enthalpy change for a chemical reaction is the same,
regardless of the number of steps taken to complete the reaction. It is applied by breaking
down complex reactions into simpler steps, calculating the enthalpy changes for each
step, and summing them to find the overall change.

How do you calculate the enthalpy change using Hess's
Law?
To calculate the enthalpy change using Hess's Law, you need the enthalpy values of the
individual steps of the reaction. Rearrange and combine these steps so that they add up to
the desired overall reaction, then sum the enthalpy changes for each step to find the total
enthalpy change.

What are some common practice problems involving
Hess's Law?
Common practice problems include calculating the enthalpy change for combustion
reactions, formation reactions, and decomposition reactions by using known enthalpy
values for related reactions.

Can Hess's Law be used for reactions in different states
of matter?
Yes, Hess's Law can be used for reactions in different states of matter. However, care
must be taken to ensure that the enthalpy values used are applicable to the specific states
of the reactants and products involved in the reaction.

What is the significance of standard enthalpy of



formation in Hess's Law problems?
The standard enthalpy of formation is crucial in Hess's Law problems as it provides a
reference point for calculating the enthalpy changes of reactions. It is used to derive the
overall enthalpy change by subtracting the enthalpies of the reactants from the enthalpies
of the products.

How do you handle Hess's Law problems with multiple
pathways?
For Hess's Law problems with multiple pathways, identify all possible reaction routes and
calculate the enthalpy changes for each path. The total enthalpy change will remain the
same regardless of the specific pathway taken, allowing you to verify consistency across
different routes.

What resources are available for practicing Hess's Law
problems?
Resources for practicing Hess's Law problems include chemistry textbooks, online
problem sets, instructional videos, and educational websites that provide practice
exercises and solutions.

What common mistakes should be avoided when using
Hess's Law?
Common mistakes include incorrectly assigning signs to enthalpy changes, failing to
balance chemical equations, and neglecting to account for the physical states of reactants
and products which can affect enthalpy values.
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