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Understanding the fundamental properties of gases is essential in chemistry and physics, especially when
distinguishing between ideal and real gases. The statement above highlights a common misconception about
ideal gases—that in their behavior, energy is perfectly conserved during collisions. To clarify this and
explore the defining properties of ideal gases, this article delves into the characteristics that set ideal gases
apart, the significance of their properties, and why the idea that “small amounts of energy are lost during

collisions” does not align with the behavior of ideal gases.

What Are Ideal Gases?

An ideal gas is a theoretical gas composed of many randomly moving point particles that interact only
through elastic collisions. These gases are used as models because they simplify the complex behaviors of

real gases, allowing scientists to derive fundamental laws and equations such as the Ideal Gas Law.

Key Assumptions of Ideal Gases

To understand the properties, it’s crucial to recognize the assumptions underlying the ideal gas model:
1. Point Particles: Gas particles are considered to have negligible volume compared to the container,
meaning their size is effectively zero.

2. No Intermolecular Forces: There are no attractive or repulsive forces between particles, except

during elastic collisions.

3. Elastic Collisions: When particles collide, there is no loss of kinetic energy; collisions are perfectly

elastic.

4. Random Motion: Particles move randomly in all directions at various speeds, following the Maxwell-



Boltzmann distribution.

5. Continuous Motion: Particles are in constant, rapid motion, resulting in pressure exerted on container

walls.

The properties of ideal gases emerge directly from these assumptions, and deviations from real gas behavior

occur when these assumptions are violated.

Properties of Ideal Gases

Understanding the properties of ideal gases is fundamental to their application and to distinguishing them
from real gases. The core properties include their behavior under various conditions and the mathematical

laws governing them.

1. obey the Ideal Gas Law

The most defining property is that ideal gases follow the Ideal Gas Law:
PV =nRT

where:

- P = pressure,

-V = volume,

- n = number of moles,

- R = universal gas constant,

- T = temperature in Kelvin.

This law combines Boyle’s law, Charles’s law, and Avogadro’s law, illustrating the proportional

relationships between pressure, volume, temperature, and amount of gas.

2. Elastic Collisions and Conservation of Kinetic Energy

A critical property is that collisions between particles are perfectly elastic, meaning:



¢ There is no net loss of kinetic energy during collisions.

e The total kinetic energy of the system remains constant unless energy is added or removed

externally.

This property is central to the behavior of ideal gases and is why they do not lose energy through

collisions.

3. Negligible Molecular Volume

In the ideal gas model:

¢ Particles are considered point masses with no volume.

e The volume of the particles themselves is negligible compared to the container volume.

This assumption simplifies calculations and is valid at low pressures where particle sizes are insignificant

relative to the container.

4. No Intermolecular Forces

Ideal gases assume:

e There are no attractive or repulsive forces between particles.

o Particles do not influence each other unless during elastic collisions.

This means that the behavior of an ideal gas depends only on temperature, pressure, and volume, without

influence from intermolecular attractions.

5. Random and Constant Motion

Gas particles move rapidly and randomly in all directions, resulting in:



e Pressure exerted on container walls due to collisions.

¢ A distribution of molecular speeds described by the Maxwell-Boltzmann distribution.

Common Misconceptions About Ideal Gases

While the properties listed above paint a picture of an ideal gas, some misconceptions arise, particularly
regarding energy transfer during collisions. A common question is whether small amounts of energy are

lost during particle collisions in an ideal gas.

Does Energy Get Lost During Collisions?

The answer, according to the assumptions of the ideal gas model, is no. In an ideal gas:

- Collisions are perfectly elastic, meaning kinetic energy is conserved.

- No energy is lost during collisions, which is a key distinction from real gases where inelastic collisions can
occur.

However, in real gases:

- Collisions are not perfectly elastic.

- Some energy can be converted into internal energy, leading to heat or deformation.

- This causes deviations from ideal behavior, especially at high pressures or low temperatures.

Why Is the Conservation of Energy Important?

The conservation of kinetic energy during collisions in an ideal gas allows for:
1. Derivation of macroscopic properties such as pressure and temperature from microscopic particle
behavior.
2. Application of statistical mechanics to predict distributions of molecular speeds.

3. Accurate modeling of gases in many conditions, especially at low pressures and high temperatures.



This property simplifies calculations and understanding because it assumes no energy is lost to the

environment within the gas.

Real Gases Versus Ideal Gases

While ideal gases follow the properties outlined above, real gases exhibit behaviors that deviate from the

ideal model under certain conditions.

Deviations from Ideal Behavior

Real gases do not perfectly adhere to the assumptions of the ideal gas law when:

o Pressures are high, causing particles to be close together, making particle volume significant.
e Temperatures are low, increasing the likelihood of intermolecular forces.

o Particles interact via attractive or repulsive forces, leading to inelastic collisions.

Van der Waals Equation

To account for deviations, the Van der Waals equation modifies the ideal gas law:

\[ \left( P + \frac{a}{V"2} \right) (V - b) = nRT \]

where:
- \(a\) and \(b\) are constants specific to each gas, adjusting for intermolecular forces and finite particle

volume.

Inelastic Collisions in Real Gases

Unlike ideal gases, real gases often have inelastic collisions, where some energy is converted into internal

energy, heat, or deformation. This leads to:



¢ Energy loss during collisions.
e Temperature changes not accounted for purely by kinetic energy.

e Complex behaviors that require more detailed models beyond the ideal gas law.

Implications for Scientific and Industrial Applications

The properties of ideal gases are foundational in various fields, but understanding their limitations is crucial

in real-world applications.

Applications of Ideal Gas Assumptions

The assumption that energy is conserved during particle collisions simplifies calculations in:

1. Thermodynamics: predicting heat transfer, work, and efficiency.
2. Astrophysics: modeling stellar atmospheres and interstellar media.
3. Engineering: designing engines, turbines, and other equipment involving gases.

4. Laboratory experiments: estimating gas behavior under controlled conditions.

Limitations and Real-World Considerations

However, when gases are under extreme conditions, these assumptions break down, requiring more

sophisticated models that consider energy loss mechanisms, molecular sizes, and intermolecular forces.



Summary: Why Small Energy Losses Do Not Characterize Ideal

Gases

In conclusion, the defining properties of an ideal gas include the adherence to the ideal gas law, elastic
collisions conserving kinetic energy, negligible molecular volume, and absence of intermolecular forces.
The statement “small amounts of energy are lost during collisions” contradicts the fundamental assumption
that collisions are perfectly elastic. While real gases may experience inelastic collisions leading to energy
loss, ideal gases are idealized models where such energy losses are not considered, making energy

conservation a key property.

Understanding these distinctions helps scientists and engineers accurately model gas behavior and

recognize when real-world conditions require more complex approaches than the ideal gas law offers.

Frequently Asked Questions

What is a key property of ideal gases regarding energy during particle
collisions?

In ideal gases, small amounts of energy are lost during collisions, which is not characteristic of their

behavior.

Which property is NOT true about ideal gases?

All of the following are properties of ideal gases except that small amounts of energy are lost during

collisions.

Why is the statement 'Small amounts of energy are lost during collisions’

considered an exception for ideal gases?

Because ideal gases assume perfectly elastic collisions where no energy is lost, making this statement an

exception.

How does the property 'small amounts of energy are lost during collisions'

relate to real gases versus ideal gases?

Real gases experience energy loss during collisions, unlike ideal gases which assume perfectly elastic

collisions with no energy loss.



Is the property 'small amounts of energy are lost during collisions'

characteristic of ideal gases?

No, it is not characteristic; ideal gases are assumed to have elastic collisions with no energy loss.

‘What assumption about collisions distinguishes ideal gases from real gases?

Ideal gases assume collisions are perfectly elastic, meaning no energy is lost during collisions.

Which of the following is an incorrect property of ideal gases?

That small amounts of energy are lost during collisions, as ideal gases do not lose energy during particle

collisions.

Additional Resources

Ideal Gases: An In-Depth Exploration of Their Properties and Exceptions

Introduction

In the realm of physical chemistry and thermodynamics, the concept of ideal gases is fundamental. These
hypothetical gases serve as simplified models that help scientists understand real gas behaviors under
various conditions. While the properties of ideal gases are well-established and widely applicable, they are
also idealized, meaning they do not perfectly describe all real-world gases in every scenario. Among the
properties often discussed, a common misconception is that small amounts of energy are lost during
collisions—which, in fact, is not characteristic of ideal gases. This article aims to dissect the properties of ideal
gases comprehensively, emphasizing why this particular property is an exception and clarifying what

truly defines an ideal gas.

Understanding Ideal Gases: A Foundation
‘What Is an Ideal Gas?

An ideal gas is a theoretical construct where gas particles are considered to be point-like, non-interacting

entities that obey the ideal gas law:

\[ PV = nRT \]



‘Where:

- P = pressure,

-V = volume,

- n = number of moles,

- R = universal gas constant,

- T = temperature (in Kelvin).

This model simplifies the complex interactions seen in real gases, providing a framework for predicting

behavior in many practical situations.

Core Properties of Ideal Gases

1. Negligible Intermolecular Forces

In an ideal gas, particles are assumed to exert no attractive or repulsive forces on each other. This simplifies

calculations and helps explain why ideal gases expand to fill their containers uniformly.

2. Point Particles with No Volume

The particles are considered point masses, meaning their own volume is negligible compared to the
container volume. This assumption allows for the ideal gas law to hold without considering particle size
effects.

3. Elastic Collisions

One of the defining features of ideal gases is that collisions between particles are perfectly elastic. This
means that total kinetic energy and momentum are conserved during collisions, with no energy lost as heat

or deformation.

> Key Point: Elastic collisions imply that no energy is dissipated during particle interactions, which is

critical to the ideal gas model.

4. Random, Constant Motion

Particles move randomly in all directions, with a distribution of velocities described by the Maxwell-
Boltzmann distribution. This randomness underpins the macroscopic properties like pressure and
temperature.

5. No Energy Loss During Collisions

This is a cornerstone of the ideal gas model. Because collisions are elastic, the kinetic energy of the particles



remains constant over time when isolated from external influences.

The Exception: Small Amounts Of Energy Are Lost During Collisions

Now, addressing the focal point: the statement that small amounts of energy are lost during collisions does
not describe ideal gases. This property is not characteristic of ideal gases and, in fact, contradicts their

fundamental assumptions.

Why Is This an Exception?

In real gases, collisions are often inelastic—meaning some energy is converted into other forms, such as heat
or deformation. This energy dissipation can influence properties like viscosity, thermal conductivity, and

diffusion. However, the ideal gas model assumes that:

- Collisions are perfectly elastic,
- No energy is lost or gained during interactions,

- The kinetic energy distribution remains constant in isolated systems.

Thus, the property of energy loss during collisions is a property of real gases, not ideal gases.

Real Gases vs. Ideal Gases: A Comparative Analysis

| Property | Ideal Gases | Real Gases |

[ S [ |

| Intermolecular Forces | None | Present (attractive and repulsive) |

| Particle Volume | Negligible | Finite, significant at high pressure |

| Collision Nature | Elastic | Often inelastic (energy loss occurs) |

| Behavior at High Pressure | Deviates from ideal | Deviates significantly |

| Behavior at Low Temperature | Deviates from ideal | Deviates significantly |

The deviation from ideal behavior becomes pronounced under high pressure and low temperature, where

intermolecular forces and particle volume cannot be ignored.

The Importance of Elastic Collisions in the Ideal Gas Model

Conservation of Kinetic Energy



Since ideal gas particles collide elastically, their kinetic energy remains unchanged after collisions, assuming

an isolated system. This property is crucial because:

- It maintains a stable distribution of particle velocities.

- It justifies the use of Maxwell-Boltzmann statistics.

- It ensures predictable relationships between temperature and particle motion.

Implications for Thermodynamics

The assumption of elastic collisions leads to several thermodynamic properties:

- Constant Temperature: Since no energy is lost, the temperature reflects the average kinetic energy, not
dissipated during collisions.

- Predictable Pressure: Derived from particle impacts on container walls, relying on elastic collision

assumptions.

Why Do Real Gases Exhibit Energy Loss?

In real gases, inelastic collisions occur due to:

- Intermolecular attractions: Particles may stick together momentarily, leading to energy dissipation.

- Deformation: Colliding particles may deform slightly, converting kinetic energy into internal energy.

- Vibrational modes: Molecules can vibrate, absorb, or release energy during collisions.

These factors cause energy loss during collisions, affecting the gas's thermodynamic behavior and leading to

deviations from the ideal gas law.

The Significance of the Property in Scientific and Practical Contexts

Understanding the distinction between ideal and real gases is vital for:

- Chemical engineering: Designing reactors and processes often relies on ideal gas assumptions for
simplicity.
- Meteorology: Atmospheric models frequently assume ideal behavior under certain conditions.

- Physics research: Studying fundamental particle interactions and thermodynamics.

Knowing that energy loss during collisions is not a property of ideal gases helps scientists recognize when

real gas deviations must be considered and adjust models accordingly.



Summary: All Of The Following Are Properties Of Ideal Gases Except

Given the above insights, the statement "small amounts of energy are lost during collisions” is not a
property of ideal gases. Instead, it characterizes real gases, which exhibit inelastic collisions and energy

dissipation.
Properties of ideal gases include:

- No intermolecular forces,
- Particles are point-like with negligible volume,
- Collisions are perfectly elastic,

- Particles move randomly at constant average kinetic energy.
Property that is NOT characteristic of ideal gases:

- Small amounts of energy are lost during collisions.

Final Thoughts

The concept of ideal gases serves as a vital simplification in understanding thermodynamic phenomena.
While they are powerful tools for modeling a wide range of conditions, it's essential to recognize their
limitations. The assumption of elastic collisions—implying no energy loss—is fundamental to their behavior.
Any deviation, such as energy loss during collisions, indicates real gas behavior, necessitating more complex

models to accurately predict physical properties.

By appreciating these distinctions, chemists, physicists, and engineers can better interpret experimental
data, develop accurate models, and understand the underlying physics governing gas behaviors across

different environments.
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