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Ideal gas law problems work and answers

Understanding how to approach ideal gas law problems is essential for students and professionals
working in chemistry, physics, and engineering fields. The ideal gas law, expressed as PV = nRT,
relates the pressure (P), volume (V), amount of gas in moles (n), the universal gas constant (R), and
temperature (T). Solving problems involving this law requires a solid grasp of the concepts and
formulas, as well as the ability to manipulate equations to find unknown variables. This article
provides comprehensive guidance on ideal gas law problems, including work calculations,
step-by-step solutions, and example questions with detailed answers to help you master this
fundamental topic.

Understanding the Ideal Gas Law

What Is the Ideal Gas Law?

The ideal gas law combines several gas laws (Boyle?s, Charles?s, Avogadro?s) into a single
equation:

- PV = nRT

Where:

- P = pressure (atm, Pa, Torr)
- V = volume (liters, m³)
- n = number of moles (mol)
- R = ideal gas constant (8.314 J/(mol·K) or 0.0821 L·atm/(mol·K))
- T = temperature (Kelvin)

This law assumes gases behave ideally?meaning the particles do not interact and occupy negligible
volume.

Key Concepts for Gas Problems
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- Temperature must be in Kelvin: Always convert Celsius to Kelvin before calculation.
- Units consistency: Ensure units for pressure, volume, and R are compatible.
- Moles calculation: When not given directly, moles can be derived from mass and molar mass.

Types of Ideal Gas Law Problems

Ideal gas law problems can generally be categorized into:

- Calculating unknown variables (P, V, T, n)
- Work done by or on gases during expansion or compression
- Determining changes during processes like isothermal, adiabatic, or isobaric

This guide focuses on solving these problems accurately with practice questions and detailed
solutions.

Work Done by Gases in Expansion and Compression

Work Formula in Gas Processes

The work \(W\) done by a gas during expansion or compression is given by:

\[

W = \int_{V_i}^{V_f} P\, dV

\]

For processes where pressure varies with volume, this integral simplifies based on the process type:

- Isothermal Process (constant T):

\[

W = nRT \ln \left( \frac{V_f}{V_i} \right)

\]

- Adiabatic Process (no heat exchange):
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\[

W = \frac{P_i V_i - P_f V_f}{\gamma - 1}

\]

where \(\gamma = C_p / C_v\)

- Isobaric Process (constant P):

\[

W = P (V_f - V_i)

\]

Understanding which formula to apply depends on the process type.

Calculating Work: Step-by-Step Approach

- Identify the process type: Is it isothermal, adiabatic, isobaric, or isochoric?
- Gather initial and final states: V_i, V_f, P_i, P_f, T, etc.
- Use the appropriate work formula: Plug in known values.
- Maintain units consistency: Convert all quantities to compatible units.
- Calculate and interpret the result: Positive work indicates work done by the gas, negative

indicates work done on the gas.

Common Ideal Gas Law Problems with Solutions

Below are examples illustrating different problem types along with detailed solutions.

Example 1: Calculating Final Volume at Constant Temperature

Problem:

A 2.0 mol sample of an ideal gas occupies 10.0 liters at 300 K. What will be its volume if the
pressure is doubled, assuming temperature remains constant?

Solution:
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- Identify knowns:

- \(n = 2.0\, \text{mol}\)
- \(V_i = 10.0\, \text{L}\)
- \(T = 300\, \text{K}\)
- Initial pressure \(P_i\) (unknown but not needed directly)
- Final pressure \(P_f = 2 P_i\) (pressure doubles)

- Use ideal gas law for initial state:

\[

P_i V_i = nRT

\]

- Since temperature is constant, apply Boyle's Law:

\[

P_i V_i = P_f V_f

\]

\[

V_f = \frac{P_i V_i}{P_f} = \frac{V_i}{2} = \frac{10.0\, \text{L}}{2} = 5.0\, \text{L}

\]

Answer:

The final volume will be 5.0 liters.

Example 2: Calculating Work Done During Isothermal Expansion

Problem:

Published by: freenethelp.com Page 4 of 15



evan moor corp emc 3458 answer key mybooklibrary Manual Vol. 2021, Issue 3

A gas at 300 K expands isothermally from 5.0 L to 15.0 L. The gas contains 1 mol. Calculate the
work done by the gas during this process.

Solution:

- Identify knowns:

- \(n = 1\, \text{mol}\)
- \(T = 300\, \text{K}\)
- \(V_i = 5.0\, \text{L}\)
- \(V_f = 15.0\, \text{L}\)
- \(R = 0.0821\, \text{L·atm/(mol·K)}\)

- Apply the isothermal work formula:

\[

W = nRT \ln \left( \frac{V_f}{V_i} \right)

\]

- Calculate:

\[

W = 1 \times 0.0821 \times 300 \times \ln \left( \frac{15.0}{5.0} \right)

\]

\[

W = 24.63\, \text{L·atm} \times \ln(3)

\]

\[
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\ln(3) \approx 1.0986

\]

\[

W \approx 24.63 \times 1.0986 \approx 27.05\, \text{L·atm}

\]

- Convert to Joules (if needed):

\[

1\, \text{L·atm} = 101.3\, \text{J}

\]

\[

W \approx 27.05 \times 101.3 \approx 2737\, \text{J}

\]

Answer:

The work done by the gas during expansion is approximately 27.05 L·atm or 2737 Joules.

Example 3: Determining Temperature Change During a Process

Problem:

A gas with a volume of 8.0 L and pressure of 1 atm is compressed to 4.0 L at constant temperature.
What is the initial temperature if the process is isothermal?

Solution:

- Identify knowns:
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- \(V_i = 8.0\, \text{L}\)
- \(V_f = 4.0\, \text{L}\)
- \(P = 1\, \text{atm}\)
- Process: Isothermal

- Use ideal gas law:

\[

P V_i = n R T_i

\]

\[

P V_f = n R T_f

\]

Since process is isothermal:

\[

T_i = T_f

\]

But we need to find \(T_i\). To do this, assume n is constant.

- Express initial temperature:

\[

T_i = \frac{P V_i}{n R}

\]

Since \(n R\) is constant, and the process is isothermal, the initial and final states satisfy:
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\[

P V_i = P V_f

\]

Which simplifies to:

\[

V_i = V_f

\]

But the volumes are different, so this indicates that the process is not purely isothermal unless
pressure adjusts. Alternatively, if the problem states that pressure remains constant, then:

\[

T_i = \frac{P V_i}{n R}

\]

and \(T_f = T_i\). Without the moles or temperature, we cannot compute a numeric answer directly.

Note:

This problem highlights the importance of knowing either the moles or initial temperature to solve for
unknowns.

Additional Tips for Solving Ideal Gas Law Problems

- Always check units: 
Ideal Gas Law Problems: Work, Solutions, and Analytical Insights

The ideal gas law is a cornerstone of thermodynamics and chemistry, providing a fundamental
relationship among pressure, volume, temperature, and the amount of gas. Mastery of solving
problems related to the ideal gas law is essential for students, scientists, and engineers working with
gases in various applications?from predicting reaction conditions to designing engines and
understanding atmospheric phenomena. This article offers a comprehensive review of ideal gas law
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problems, focusing on the calculation of work and related parameters, detailed solutions, and
analytical insights that deepen understanding of the subject.

Understanding the Ideal Gas Law

The Fundamental Equation

The ideal gas law is expressed as:

\[ PV = nRT \]

where:

- \( P \) = pressure (atm, Pa, etc.)
- \( V \) = volume (L, m³, etc.)
- \( n \) = number of moles (mol)
- \( R \) = universal gas constant (8.314 J/mol·K or 0.0821 L·atm/mol·K)
- \( T \) = temperature (K)

This law assumes gases behave ideally, meaning the particles occupy no volume and experience
no intermolecular forces. While real gases deviate under high pressure and low temperature, the
ideal gas law provides accurate approximations under many conditions.

Work Done by Gases in Thermodynamic Processes

Defining Work in Gas Processes

In thermodynamics, the work (\( W \)) done by or on a gas during a process involving volume
change is given by:

\[ W = \int_{V_i}^{V_f} P\, dV \]

For ideal gases, where pressure and volume may change during processes, this integral can be
evaluated based on the process path?be it isobaric, isochoric, isothermal, or adiabatic.

Work in Different Processes

- Isobaric Process (Constant Pressure):

Published by: freenethelp.com Page 9 of 15



evan moor corp emc 3458 answer key mybooklibrary Manual Vol. 2021, Issue 3

\[ W = P (V_f - V_i) \]

- Isochoric Process (Constant Volume):

\[ W = 0 \]

- Isothermal Process (Constant Temperature):

Since \( PV = nRT \) and \( T \) is constant,

\[ P = \frac{nRT}{V} \]

Substituting into the work integral:

\[ W = nRT \int_{V_i}^{V_f} \frac{1}{V} dV = nRT \ln \frac{V_f}{V_i} \]

- Adiabatic Process (No heat exchange):

The relation between \( P \) and \( V \) is:

\[ PV^\gamma = \text{constant} \]

where \( \gamma = C_p / C_v \). Work can be calculated using the relation:

\[ W = \frac{P_f V_f - P_i V_i}{1 - \gamma} \]

Typical Ideal Gas Law Problems and Solutions

This section explores common problem types involving ideal gases, emphasizing work calculations,
and provides detailed solutions.

Problem 1: Isothermal Expansion of a Gas

Scenario:

A 2 mol sample of an ideal gas initially occupies 10 L at 300 K. The gas expands isothermally to 20
L. Calculate the work done during this expansion.
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Solution:

Step 1: Identify known parameters:

- \( n = 2\, \text{mol} \)
- \( V_i = 10\, \text{L} \)
- \( V_f = 20\, \text{L} \)
- \( T = 300\, \text{K} \)
- \( R = 0.0821\, \text{L·atm/mol·K} \)

Step 2: Use the isothermal work formula:

\[ W = nRT \ln \frac{V_f}{V_i} \]

Step 3: Calculate:

\[

W = 2 \times 0.0821 \times 300 \times \ln \left(\frac{20}{10}\right) \\

W = 2 \times 0.0821 \times 300 \times \ln 2 \\

W = 2 \times 0.0821 \times 300 \times 0.6931 \\

W \approx 2 \times 0.0821 \times 300 \times 0.6931 \\

W \approx 2 \times 24.63 \times 0.6931 \\

W \approx 2 \times 17.07 \\

W \approx 34.14\, \text{L·atm}

\]

Step 4: Convert to Joules (since \( 1\, \text{L·atm} = 101.3\, \text{J} \)):

\[

W \approx 34.14 \times 101.3 \approx 3458\, \text{J}
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\]

Answer: The work done by the gas during the expansion is approximately 3458 Joules.

Problem 2: Adiabatic Compression

Scenario:

A 1 mol ideal gas initially at 300 K occupies 10 L. It is compressed adiabatically to a volume of 5 L.
Assume \( \gamma = 1.4 \). Find the final temperature.

Solution:

Step 1: Use the adiabatic relation:

\[

T_f = T_i \left( \frac{V_i}{V_f} \right)^{\gamma - 1}

\]

Step 2: Plug in known values:

\[

T_f = 300 \times \left( \frac{10}{5} \right)^{0.4} = 300 \times (2)^{0.4}

\]

Calculate:

\[

(2)^{0.4} \approx e^{0.4 \ln 2} \approx e^{0.4 \times 0.6931} \approx e^{0.2772} \approx 1.319

\]

Then:

\[
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T_f \approx 300 \times 1.319 \approx 395.7\, \text{K}

\]

Answer: The final temperature after adiabatic compression is approximately 396 K.

Analytical Insights into Ideal Gas Problems

Importance of Process Pathways

Understanding the process pathway?whether isobaric, isochoric, isothermal, or adiabatic?is crucial
for accurately calculating work and other thermodynamic parameters. Each process has a distinct
mathematical relationship, and misidentifying the process can lead to significant errors.

Interrelations Among Parameters

The ideal gas law provides a direct link between pressure, volume, and temperature, but the work
calculations often require integrating these variables along a process path. Recognizing
relationships such as \( PV^\gamma = \text{constant} \) for adiabatic processes allows for efficient
problem-solving.

Limitations and Real-World Deviations

While the ideal gas law simplifies calculations, real gases exhibit deviations under high pressure or
low temperature conditions. Advanced models like the Van der Waals equation incorporate particle
volume and intermolecular forces to improve accuracy. Nevertheless, ideal gas law problems serve
as valuable first approximations and educational tools.

Advanced Topics and Complex Problems

Multiple-Stage Processes

Real-world scenarios often involve multi-stage processes combining different paths. For example, a
gas might undergo an isothermal expansion followed by an adiabatic compression. Solving such
problems requires breaking down the process into segments, calculating work and heat transfer for
each, and summing results.

Work in Cyclic Processes

In cyclic processes, such as engines, the net work corresponds to the area enclosed in a PV
diagram. Analyzing the cycle involves summing work contributions from each step, with the goal of
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maximizing efficiency.

Thermodynamic Efficiency and Work Output

The ideal gas law underpins calculations of efficiencies in engines and turbines, where work output
is compared with heat input. Understanding these relationships helps optimize designs and predict
performance limits.

Conclusion: Mastering Ideal Gas Law Problems

Mastery of ideal gas law problems, especially those involving work calculations, demands a
thorough understanding of thermodynamic principles, process pathways, and mathematical
techniques. By carefully analyzing each problem, selecting appropriate formulas, and paying
attention to units and conversions, students and professionals can accurately evaluate work and
other parameters. As a foundational concept, the ideal gas law continues to inform advancements in
science and engineering, with complex problems pushing the boundaries of understanding and
innovation. Whether for educational purposes or real-world applications, developing proficiency in
solving these problems is an essential skill for anyone working with gases.
 

 QuestionAnswer What is the ideal gas law formula and what do each of its variables represent?
The ideal gas law formula is PV = nRT, where P is pressure, V is volume, n is the number of moles,
R is the universal gas constant, and T is temperature in Kelvin. How do you solve a typical ideal gas
law problem involving changing conditions? Identify the known and unknown variables, write the
ideal gas law equation, rearrange to solve for the unknown, and substitute the known values,
ensuring units are consistent. What is the work done in an ideal gas expansion or compression
problem? Work done (W) is calculated as W = P?V for a process at constant pressure, where ?V is
the change in volume. For non-constant pressure processes, integrate P dV over the volume
change. How do you calculate the work done during an isothermal expansion of an ideal gas? For
an isothermal process, work done is W = nRT ln(Vf / Vi), where Vf and Vi are the final and initial
volumes respectively. What is the significance of the work done in an ideal gas problem, and how is
it interpreted physically? The work done represents the energy transferred when the gas expands or
compresses. Positive work indicates work done by the gas on surroundings; negative indicates work
done on the gas. How do you handle problems where temperature changes during the process?
Use the combined gas law or rearranged ideal gas law equations to relate initial and final states,
taking into account changes in temperature, pressure, and volume. Can you provide an example
problem involving work done in an ideal gas process and its solution? Yes. Example: An ideal gas
expands at constant temperature from 10 L to 20 L at 1 atm. Find the work done. Solution: W = nRT
ln(Vf / Vi). First, find n using PV = nRT. Then, plug in values to calculate work. Assuming R = 0.0821
L·atm/(mol·K), T = 300K, n = PV / RT = (1 atm)(10 L) / (0.0821)(300 K) ? 0.406 mol. Work = 0.406
mol × 0.0821 × 300 × ln(20/10) ? 10.3 L·atm. Convert to Joules if needed. How do you convert work
from L·atm to Joules? Use the conversion factor: 1 L·atm ? 101.3 Joules. Multiply the work in L·atm
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by 101.3 to get Joules. What are common mistakes to avoid when solving ideal gas law work
problems? Common mistakes include mixing units, forgetting to convert temperature to Kelvin,
neglecting the process type (isothermal, adiabatic, etc.), and not accounting for the correct initial
and final states when calculating work. 
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