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Deviations from the Ideal Gas Law Pogil Answer Key are essential topics in the study of

thermodynamics and physical chemistry. The Ideal Gas Law, represented by the equation PV = nRT,

describes the relationship between pressure (P), volume (V), temperature (T), and the number of

moles (n) of an ideal gas. However, real gases often deviate from this ideal behavior under certain

conditions. Understanding these deviations is critical for accurately predicting gas behavior in various

scientific and industrial applications. This article will explore the reasons for these deviations, the

conditions under which they occur, and how they relate to the Ideal Gas Law.

Understanding the Ideal Gas Law

The Ideal Gas Law is a fundamental equation that combines several gas laws:

1. Boyle's Law: At constant temperature, the volume of a gas is inversely proportional to its pressure

(PV = constant).

2. Charles's Law: At constant pressure, the volume of a gas is directly proportional to its temperature

(V/T = constant).

3. Avogadro's Law: At constant temperature and pressure, the volume of a gas is directly proportional

to the number of moles (V/n = constant).

These laws are valid under specific conditions, generally at high temperatures and low pressures. The

Ideal Gas Law assumes that gas particles do not interact with each other and occupy no volume

themselves.



Conditions Leading to Deviations

Deviations from the Ideal Gas Law occur when:

1. High Pressure: Under high pressure, gas molecules are forced closer together, leading to significant

intermolecular forces and a decrease in volume that is not accounted for by the Ideal Gas Law.

2. Low Temperature: At low temperatures, the kinetic energy of gas molecules decreases, and

intermolecular forces become more significant. This can lead to condensation or solidification, which

the Ideal Gas Law cannot accommodate.

3. High Molecular Weight: Gases with larger molecular weights have larger intermolecular forces,

which can also result in deviations from ideal behavior.

4. Nature of the Gas: Polar gases, such as water vapor or ammonia, exhibit stronger intermolecular

forces compared to nonpolar gases like helium or neon. This can also lead to deviations from the Ideal

Gas Law.

Types of Deviations

The deviations from the Ideal Gas Law are categorized mainly into two types:

1. Positive Deviations: This occurs when the observed pressure of a gas is higher than what the Ideal

Gas Law would predict. It typically happens when:

- The gas is at high temperatures and low pressures, where repulsive forces between gas molecules

become significant.

- The gas has weak intermolecular forces, which do not hold the molecules close enough.

2. Negative Deviations: This occurs when the observed pressure of a gas is lower than predicted by

the Ideal Gas Law. It usually happens when:

- The gas is at low temperatures and high pressures, where attractive forces between molecules

dominate.



- The gas has strong intermolecular forces, leading to a decrease in volume.

Real Gas Behavior and Van der Waals Equation

To account for the deviations from the Ideal Gas Law, scientists have developed the Van der Waals

equation, which modifies the Ideal Gas Law by including two additional parameters:

1. a: This constant accounts for the attractive forces between gas molecules. The value of 'a' varies

from one gas to another and is greater for gases with strong intermolecular forces.

2. b: This constant accounts for the volume occupied by the gas molecules themselves. It is also

specific to the gas and represents the excluded volume due to the finite size of the molecules.

The Van der Waals equation is expressed as:

\[ (P + \frac{a(n/V)^2})(V - nb) = nRT \]

In this equation:

- \(P\) is the pressure of the gas.

- \(V\) is the volume of the gas.

- \(n\) is the number of moles.

- \(R\) is the ideal gas constant.

- \(T\) is the temperature in Kelvin.

Comparison of Ideal and Real Gases

When comparing ideal and real gases, several factors must be considered.

- Volume: Ideal gases are considered to have no volume, while real gases occupy a finite volume,



leading to negative deviations at high pressures.

- Intermolecular Forces: Ideal gases do not experience intermolecular forces, while real gases do. This

can result in positive or negative deviations depending on the conditions.

- Temperature Dependence: The behavior of real gases varies significantly with changes in

temperature, particularly at low temperatures where condensation can occur.

Applications and Implications

Understanding deviations from the Ideal Gas Law has practical implications across various fields:

1. Chemical Engineering: Designing reactors and separation processes requires accurate predictions

of gas behavior, particularly under high pressures and low temperatures.

2. Atmospheric Science: Understanding gas behavior is crucial for modeling atmospheric conditions

and predicting weather patterns.

3. Material Science: The study of gases in relation to properties of materials, such as permeability and

diffusion, relies on understanding real gas behavior.

Practical Examples

1. Carbon Dioxide at High Pressure: Under conditions of high pressure and low temperature, CO2 can

deviate significantly from ideal behavior, leading to its application in supercritical fluid extraction.

2. Natural Gas: The behavior of natural gas as a fuel can deviate from ideal predictions, particularly

during gas processing and transportation.

Conclusion

In summary, deviations from the Ideal Gas Law are critical for understanding the behavior of real



gases under various conditions. The Ideal Gas Law provides a simplified model that works well under

certain conditions, but it is essential to recognize the limitations and the factors that lead to deviations.

The Van der Waals equation and other real gas models offer a more accurate representation of gas

behavior, allowing scientists and engineers to make better predictions and design more effective

applications. By grasping these concepts, we can enhance our understanding of gas dynamics and

their implications in real-world scenarios.

Frequently Asked Questions

What are the primary conditions under which gases deviate from the

ideal gas law?

Gases deviate from the ideal gas law primarily at high pressures and low temperatures, where

intermolecular forces become significant.

How do real gases behave differently from ideal gases at high

pressures?

At high pressures, real gases experience increased intermolecular forces, causing their volume to be

less than predicted by the ideal gas law.

What role do intermolecular forces play in the deviation from the ideal

gas law?

Intermolecular forces can either attract or repel gas molecules, leading to deviations from the ideal

behavior, particularly in non-ideal gases.

In what way does the size of gas particles affect deviations from the



ideal gas law?

The size of gas particles becomes significant at high pressures, as the volume occupied by the gas

molecules themselves cannot be ignored, leading to deviations.

What is the Van der Waals equation, and how does it relate to

deviations from the ideal gas law?

The Van der Waals equation is a modified version of the ideal gas law that accounts for intermolecular

forces and the volume of gas particles, providing a more accurate description of real gas behavior.

How does temperature affect the behavior of real gases in relation to

the ideal gas law?

At low temperatures, gas molecules have lower kinetic energy, which increases the effect of

intermolecular attractions, causing deviations from ideal behavior.

What is meant by the term 'compressibility factor' in the context of

gas deviations?

The compressibility factor (Z) is a measure of how much a real gas deviates from ideal gas behavior;

Z = 1 indicates ideal behavior, while Z < 1 or Z > 1 indicates deviations.

Why are noble gases often considered more ideal than other gases?

Noble gases have minimal intermolecular forces and are monoatomic, making them behave more

closely to the predictions of the ideal gas law compared to other gases.
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