
hesss law worksheet with answers
Hess's Law Worksheet with Answers is an essential educational tool for
students studying thermodynamics and chemistry. Understanding Hess's Law is
crucial, as it provides a way to calculate the enthalpy changes of reactions
that may not be easily measurable in a laboratory setting. This article will
explore Hess's Law, provide detailed examples, and offer a comprehensive
worksheet complete with answers to aid in mastering this fundamental concept
of chemistry.

Understanding Hess's Law

Hess's Law, named after the Swiss chemist Germain Hess, states that the total
enthalpy change for a chemical reaction is the same, regardless of the number
of steps the reaction takes. This principle is based on the first law of
thermodynamics, which dictates that energy cannot be created or destroyed,
only transformed.

The Importance of Hess's Law

Understanding Hess's Law is vital for several reasons:

Predictive Power: It allows chemists to predict the enthalpy change of a
reaction that is difficult to measure directly.

Energy Calculations: It helps in calculating the energy changes
associated with complex reactions.

Thermodynamic Insight: Provides insight into the nature of chemical
reactions and their energy profiles.

Key Concepts of Hess's Law

To effectively use Hess's Law, one must grasp several key concepts:

Enthalpy (ΔH)

Enthalpy is a measure of the total energy of a thermodynamic system. It
includes the internal energy of the system and the energy associated with



pressure and volume. In chemical reactions, we often refer to the change in
enthalpy (ΔH), which can be either positive (endothermic) or negative
(exothermic).

Standard Enthalpy of Formation

The standard enthalpy of formation (ΔHf°) is the change in enthalpy when one
mole of a compound is formed from its elements in their standard states. This
value is essential for calculations involving Hess's Law, as it provides a
baseline for enthalpy changes.

Reversing Reactions

When using Hess's Law, if a reaction is reversed, the sign of the enthalpy
change must also be reversed. For example, if the forward reaction has a ΔH
of -100 kJ, the reverse reaction would have a ΔH of +100 kJ.

Using Hess's Law: Step-by-Step Approach

Applying Hess's Law involves a systematic approach:

Identify the Target Reaction: Determine the reaction for which you want1.
to find the enthalpy change.

List Known Reactions: Gather the reactions for which the enthalpy2.
changes are known.

Manipulate Reactions: Adjust the known reactions (reverse, multiply) so3.
that they sum to the target reaction.

Sum Enthalpy Changes: Add the enthalpy changes of the manipulated4.
reactions to find the total enthalpy change for the target reaction.

Hess's Law Worksheet Examples

Below are several examples that can serve as practice for students looking to
hone their understanding of Hess's Law.



Example 1: Reaction of Carbon and Oxygen

Target Reaction:
\[ \text{C (s) + O}_2(g) \rightarrow \text{CO}_2(g) \]

Known Reactions:
1. \( \text{C (s) + O}_2(g) \rightarrow \text{CO (g)} \)
ΔH = -110.5 kJ

2. \( \text{CO (g) + 0.5 O}_2(g) \rightarrow \text{CO}_2(g) \)
ΔH = -283.0 kJ

Manipulation:
To find the enthalpy change for the target reaction, we can add reactions 1
and 2. Since reaction 1 produces CO, we will leave it as is, and reaction 2
will be added directly.

Calculating ΔH:
ΔH = ΔH1 + ΔH2
ΔH = (-110.5 kJ) + (-283.0 kJ)
ΔH = -393.5 kJ

Example 2: Formation of Water

Target Reaction:
\[ \text{H}_2(g) + \text{1/2 O}_2(g) \rightarrow \text{H}_2\text{O (l)} \]

Known Reactions:
1. \( \text{H}_2(g) + \text{1/2 O}_2(g) \rightarrow \text{H}_2\text{O (g)} \)
ΔH = -241.8 kJ

2. \( \text{H}_2\text{O (g)} \rightarrow \text{H}_2\text{O (l)} \)
ΔH = -44.0 kJ

Manipulation:
Since the first reaction produces water in the gaseous state, we need to
reverse reaction 2.

Calculating ΔH:
ΔH = ΔH1 + ΔH2
ΔH = (-241.8 kJ) + (+44.0 kJ)
ΔH = -197.8 kJ

Hess's Law Worksheet with Answers

Here is a simple worksheet for practice, along with answers provided.



Worksheet Questions:

1. Calculate the ΔH for the reaction:
\[ \text{N}_2(g) + \text{3 H}_2(g) \rightarrow \text{2 NH}_3(g) \]

2. Determine the ΔH for the reaction:
\[ \text{C (s)} + \text{O}_2(g) \rightarrow \text{CO}_2(g) \] using the
following data:
- \( \text{C (s)} + \text{1/2 O}_2(g) \rightarrow \text{CO (g)} \), ΔH =
-110.5 kJ
- \( \text{CO (g)} + \text{1/2 O}_2(g) \rightarrow \text{CO}_2(g) \), ΔH =
-283.0 kJ

Answers:

1. ΔH = -92.4 kJ (calculated using known ΔHf° values for formation of NH3)
2. ΔH = -393.5 kJ (as calculated in the earlier example)

Conclusion

A Hess's Law Worksheet with Answers is a valuable resource for students to
develop a thorough understanding of enthalpy changes in chemical reactions.
By practicing the steps outlined in this article, learners can enhance their
skills in thermodynamics and become proficient in applying Hess's Law to
various chemical equations. This knowledge is not only fundamental for
academic success but also vital for practical applications in the field of
chemistry.

Frequently Asked Questions

What is Hess's Law?
Hess's Law states that the total enthalpy change for a chemical reaction is
the sum of the enthalpy changes for the individual steps of the reaction,
regardless of the pathway taken.

How do you use Hess's Law to calculate enthalpy
changes?
To calculate enthalpy changes using Hess's Law, you can add the enthalpy
changes of multiple reactions that sum to the overall reaction of interest.
You may need to reverse reactions and adjust their enthalpy values
accordingly.



What is a Hess's Law worksheet?
A Hess's Law worksheet typically contains problems and exercises designed to
help students practice applying Hess's Law to calculate enthalpy changes for
various chemical reactions.

What types of problems can be found on a Hess's Law
worksheet?
Problems may include determining the enthalpy change for a reaction based on
given enthalpy changes of related reactions, using enthalpy data to write
thermochemical equations, and solving for unknown enthalpy values.

Can Hess's Law be applied to phase changes?
Yes, Hess's Law can be applied to phase changes as they also involve enthalpy
changes. For instance, you can calculate the enthalpy of vaporization or
fusion using Hess's Law.

What is the significance of using standard enthalpy
values in Hess's Law calculations?
Using standard enthalpy values allows for consistent and reliable
calculations, as these values are determined under standard conditions (1
atm, 25°C) and provide a reference point for comparing different reactions.

Are there any common mistakes to avoid when working
on Hess's Law problems?
Common mistakes include forgetting to change the sign of the enthalpy when
reversing a reaction, not properly balancing the equations, and failing to
account for the coefficients in the reactions when summing enthalpy changes.

Where can I find a Hess's Law worksheet with
answers?
Hess's Law worksheets with answers can often be found in chemistry textbooks,
educational websites, and online resources such as educational forums,
teacher resource sites, and student study guides.
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