deviations from the ideal gas law answer key

deviations from the ideal gas law answer key provide critical insights into the behavior of real
gases under various conditions where the assumptions of the ideal gas law no longer hold true.
Understanding these deviations is essential for accurately predicting gas properties in practical
scenarios, such as high pressure, low temperature, or gases with strong intermolecular forces. This
article explores the fundamental reasons behind these deviations, the limitations of the ideal gas law,
and the corrections applied through more advanced models like the Van der Waals equation.
Additionally, the discussion includes common experimental observations, mathematical formulations,
and example problems to clarify the concept. By reviewing the deviations from the ideal gas law
answer key, students and professionals can enhance their comprehension of real gas behavior and
improve their problem-solving skills in thermodynamics and physical chemistry.
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Understanding the Ideal Gas Law and Its Assumptions

The ideal gas law, expressed as PV = nRT, is a fundamental equation in chemistry and physics that
relates the pressure (P), volume (V), amount of gas (n), gas constant (R), and temperature (T) of an
ideal gas. This law assumes that gas molecules do not interact with each other and that the volume of
the gas molecules themselves is negligible compared to the container's volume. These assumptions
simplify many calculations and provide a useful approximation for many gases under standard
conditions.

However, the ideal gas law is based on the kinetic molecular theory, which assumes:

e Gas particles are in constant, random motion.
e Collisions between particles and with the container walls are perfectly elastic.
e There are no intermolecular forces acting between particles.

e The volume occupied by the gas particles themselves is insignificant.

While these assumptions hold reasonably well at low pressures and high temperatures, deviations
arise when conditions cause gas particles to behave differently, necessitating more accurate
descriptions of their behavior.



Causes of Deviations from the Ideal Gas Law

Deviations from the ideal gas law occur because real gases do not perfectly adhere to the
assumptions underlying the ideal gas model. Several factors contribute to these deviations:

Intermolecular Forces

Real gas molecules exhibit attractive and repulsive forces. At moderate to high pressures, attractive
forces reduce the impact of collisions on the container walls, leading to lower measured pressures
than predicted by the ideal gas law. Conversely, repulsive forces become significant at very high
pressures when molecules are forced close together.

Molecular Volume

The finite size of gas molecules means they occupy a measurable volume, which reduces the free
space in the container available for molecular motion. This effect becomes pronounced at high
pressures where molecules are densely packed.

Non-Elastic Collisions

Although often negligible, molecular collisions may not always be perfectly elastic, especially with
complex molecules, which can affect energy distribution and pressure.

Temperature and Pressure Conditions

Low temperatures may cause molecules to condense or form clusters, while high pressures force
molecules into close proximity. Both situations lead to significant deviations from ideal behavior.

Quantifying Deviations: Compressibility Factor and
Real Gas Equations

To measure deviations from ideal gas behavior, the compressibility factor (Z) is used. It is defined as:

Z=(PV)/(nRT)

For an ideal gas, Z equals 1. Deviations are expressed as Z values differing from unity, where:

e Z > 1 indicates the gas is less compressible than ideal, often due to repulsive forces.

e Z < 1 indicates the gas is more compressible than ideal, typically due to attractive forces.

Real gas equations have been developed to correct the ideal gas law and account for molecular
volume and interactions. Examples include the Van der Waals equation, the Redlich-Kwong equation,
and the Peng-Robinson equation. These equations introduce correction terms that adjust pressure and
volume to better represent real gas behavior.



Van der Waals Equation: A Correction to the Ideal Gas
Law

The Van der Waals equation is the most well-known modification of the ideal gas law, expressed as:
[P+ a(n/V)"~2] (V-nb) =nRT

Here, a and b are constants specific to each gas, representing the magnitude of intermolecular
attractions and the finite volume occupied by gas molecules, respectively.

Terms Explained

e a(n/V)~2 corrects for intermolecular attractions, increasing the pressure term.

e nb corrects for the volume occupied by gas molecules, reducing the available volume.

This equation improves the accuracy of gas property predictions under non-ideal conditions,
particularly near the condensation point and at high pressures.

Practical Application

Using the Van der Waals equation requires knowledge of the constants a and b for the specific gas,
which are determined experimentally. This equation is widely used in chemical engineering and
physical chemistry to model real gas behavior more precisely than the ideal gas law allows.

Common Problems and Answer Key for Deviations from
the Ideal Gas Law

Understanding deviations from the ideal gas law is often reinforced through problem-solving
exercises. These problems typically involve calculating corrected pressures, volumes, or temperatures
using real gas equations or compressibility factors. Below is an example problem set with answers to
illustrate key concepts:

Problem: Calculate the pressure of 1 mole of nitrogen gas at 300 K in a 10 L container using
the ideal gas law and the Van der Waals equation. Given a = 1.39 L? atm/mol? and b = 0.0391
L/mol.

Answer:

o |deal Gas Law: P =nRT/V = (1)(0.08206)(300) / 10 = 2.46 atm

o Van der Waals Equation: P = [nRT / (V - nb)] - a(n/V)? = [ (1)(0.08206)(300) / (10 - 0.0391)
1-1.39(1/10)? = 2.50 atm



2.
Problem: Determine the compressibility factor Z for oxygen gas at 100 atm and 300 K, given
the molar volume is 0.25 L/mol.

Answer:
oZ=(PV)/(nRT)=(100atm x 0.25L) /(1 x 0.08206 x 300) = 1.02

o Z > 1 indicates slight repulsive forces dominate at this condition.

Problem: Explain why helium shows less deviation from the ideal gas law compared to carbon
dioxide under similar conditions.

Answer:

o Helium is a monatomic, inert gas with very weak intermolecular forces and small
molecular size.

o Carbon dioxide is a polyatomic molecule with stronger intermolecular attractions and
greater molecular volume, leading to larger deviations.

These examples demonstrate the importance of considering deviations from the ideal gas law for
accurate calculations and predictions in real-world systems.

Frequently Asked Questions

What are common causes of deviations from the ideal gas
law?

Common causes include intermolecular forces and the finite volume of gas particles, which become
significant at high pressures and low temperatures, causing real gases to deviate from ideal behavior.

How does the Van der Waals equation correct deviations from
the ideal gas law?

The Van der Waals equation introduces correction factors for pressure and volume to account for
intermolecular attractions and finite molecular size, providing a more accurate description of real gas
behavior.



Why do gases deviate from the ideal gas law at high
pressure?

At high pressure, gas particles are forced closer together, so the finite volume of particles and
intermolecular forces become significant, leading to deviations from the ideal gas law assumptions.

How can the compressibility factor (Z) be used to understand
deviations from the ideal gas law?

The compressibility factor Z = PV/nRT indicates deviation; if Z = 1, the gas behaves ideally, while
deviations from 1 show the extent and direction of non-ideal behavior.

What experimental methods are used to measure deviations
from the ideal gas law?

Methods include measuring pressure, volume, and temperature of gases under various conditions and
comparing the results to ideal gas predictions; techniques like manometry and gas chromatography
can be used.

Additional Resources

1. Real Gas Behavior: Understanding Deviations from the Ideal Gas Law

This book offers a comprehensive exploration of the factors causing gases to deviate from ideal
behavior. It covers intermolecular forces, molecular volume, and how these affect pressure, volume,
and temperature relationships. Detailed case studies and experimental data help readers grasp real
gas phenomena beyond the ideal gas assumptions.

2. Thermodynamics of Non-ldeal Gases: Theory and Applications

Focusing on thermodynamic principles, this text delves into the behavior of gases that do not conform
to the ideal gas law. It explains the mathematical models and equations of state used to describe real
gases, such as the Van der Waals equation. Applications in chemical engineering and physical
chemistry are highlighted to connect theory with practice.

3. Equations of State: From Ideal to Real Gases

This book provides an in-depth analysis of various equations of state developed to predict the
behavior of real gases. It compares classical models like Van der Waals, Redlich-Kwong, and Peng-
Robinson equations. Readers gain insight into selecting appropriate models for different gases and
conditions.

4. Experimental Methods in Gas Deviation Studies

Detailing laboratory techniques and instrumentation, this guide helps readers measure and analyze
deviations from ideal gas laws. It covers pressure-volume-temperature (PVT) measurements, critical
point determination, and data interpretation. The book is ideal for students and researchers
conducting practical investigations on real gases.

5. Statistical Mechanics and Real Gas Behavior
This advanced text links microscopic molecular interactions to macroscopic gas properties. It explains
how statistical mechanics principles account for deviations from ideal gas law predictions. The book



bridges theoretical concepts with observed real gas behavior, making it valuable for graduate
students and researchers.

6. Applications of Real Gas Laws in Chemical Engineering

Tailored for engineers, this book demonstrates how corrections to the ideal gas law impact process
design and optimization. It includes examples from petroleum refining, gas liquefaction, and reactor
design where real gas effects are significant. Practical problem-solving approaches help readers apply
theory effectively.

7. Critical Phenomena and Phase Transitions in Gases

Exploring the behavior of gases near critical points, this book explains how deviations from ideal gas
laws become pronounced. It discusses phase transitions, critical opalescence, and the role of
intermolecular forces. The text is rich with experimental data and theoretical models relevant to
physicists and chemists.

8. Molecular Interactions and Non-Ideal Gas Behavior

This volume investigates the role of molecular size, shape, and polarity in causing deviations from
ideal gas laws. It covers topics such as dipole moments, hydrogen bonding, and London dispersion
forces. The book provides a molecular-level understanding essential for interpreting real gas data.

9. Computational Modeling of Real Gas Systems

Focusing on modern computational techniques, this book teaches how to simulate and predict real
gas behavior using software tools. It covers molecular dynamics, Monte Carlo simulations, and
equation of state modeling. Readers learn to integrate computational results with experimental
findings for comprehensive analysis.
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