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Understanding the behavior of gases under different conditions is fundamental in
chemistry and physics. When a gas is contained in a specific volume and temperature, its
properties can be predicted and manipulated using well-established gas laws. For
instance, consider a scenario where a container holding 5.00 liters of gas is collected at
100 K and then allowed to expand. Such a process involves key principles like Boyle's Law,
Charles's Law, and the Ideal Gas Law. This article aims to guide you through the process
of analyzing such a situation, explaining the relevant concepts, calculations, and practical
applications.

Introduction to Gas Laws and Basic Concepts

Before diving into the specific problem, it’s essential to understand the fundamental
principles governing gases.

What Are Gas Laws?

Gas laws describe how the physical properties of gases—pressure (P), volume (V),
temperature (T), and amount of gas (n)—interrelate under various conditions.

e Boyle's Law: For a fixed amount of gas at constant temperature, the pressure and
volume are inversely proportional:
P1Vi = P2V

e Charles's Law: At constant pressure and amount, the volume and temperature are
directly proportional:
Vi/T1 = Vo/T2

e Gay-Lussac's Law: At constant volume and amount, pressure and temperature are
directly proportional:
P1/T1 = P2/T>

e Avogadro's Law: At constant temperature and pressure, the volume and moles of
gas are directly proportional:
Vi/ni = Va/n2



The Ideal Gas Law

A comprehensive equation combining the above principles is the Ideal Gas Law:
\[ PV = nRT\]
where:

e P = pressure (atm or Pa)

¢ V = volume (L or m3)

e n = number of moles

¢ R = universal gas constant (8.314 J/mol-K or 0.0821 L-atm/mol-K)

e T = temperature (Kelvin)

This law allows you to predict the change in one property when others are known or
controlled.

Analyzing the Scenario: Gas Collected at 100 K
and 5.00 L

Suppose you have a container that initially holds 5.00 L of a gas at 100 K. The question is:
what happens when this gas is allowed to expand? To analyze this, consider the following
key factors.

Initial Conditions

- Initial volume (Vi1): 5.00 L

- Initial temperature (T1): 100 K

- Initial pressure (P1): Unknown, but can be assumed or calculated if additional data
provided

- Number of moles (n): Calculated using the ideal gas law if pressure is known

Expansion Process

The expansion process can be:

- Isothermal: Temperature remains constant
- Adiabatic: No heat exchange

- Isobaric: Pressure remains constant

- Isochoric: Volume remains constant

The most common scenario involves expansion at constant temperature (isothermal) or



constant pressure (isobaric). Each scenario yields different results.
Example: Expansion at Constant Temperature

If the gas expands from 5.00 L to a larger volume at constant temperature, the gas obeys
Boyle's Law.

Example: Expansion at Constant Pressure

If the gas expands at constant pressure, Charles's Law applies, and volume changes with
temperature.

Calculating the Final Volume After Expansion

To determine the new volume after expansion, specific data about the process is required:
whether the expansion is isothermal, isobaric, or involves other conditions. Below are the
typical calculations for common scenarios.

Scenario 1: Isothermal Expansion

Assuming the gas expands at constant temperature, the relation is:
\[P 1V.1=P2V 2\]

If the pressure remains constant, then:

\[V_ 2 =V 1\times \frac{T 2}{T 1} \]

But at constant temperature, T2 = T, so:

\[V2=V1]\]

which implies no change in volume unless pressure changes.

Alternatively, if the pressure decreases, the volume increases proportionally, following
Boyle's Law.

Example Calculation:

Suppose the initial pressure is 1 atm, and the gas expands at constant temperature to a
final pressure of 0.5 atm.

\[V 2 =V 1\times \frac{P 1}{P 2} = 5.00\, \text{L} \times \frac{1\, \text{atm}}{0.5)\,
\text{atm}} = 10.00\, \text{L} \]



Final volume: 10.00 L

Scenario 2: Isobaric Expansion (Constant Pressure)

If the expansion occurs at constant pressure and temperature remains the same, volume
and temperature are directly proportional:

\[ \frac{V 1}{T 1} =\frac{V 2}{T 2} \]

Given the initial conditions, if the temperature increases, the volume will also increase
proportionally.

Example Calculation:
Suppose the gas expands from 100 K to 200 K at constant pressure.

\[V 2 =V 1\times \frac{T 2}{T 1} = 5.00\, \text{L} \times \frac{200\, \text{K}} {100\,
\text{K}} = 10.00\, \text{L} \]

Final volume: 10.00 L

Implications and Practical Applications

Understanding how gases expand under different conditions is crucial in various scientific
and industrial contexts.

Applications of Gas Expansion Principles

 Engine Design: Internal combustion engines rely on gas expansion to produce
work.

e Atmospheric Science: Predicting weather patterns involves understanding gas
behaviors in the atmosphere.

e Chemical Manufacturing: Processes like gas chromatography depend on precise
control of gas volumes and temperatures.

e Medical Applications: In respiratory therapy, understanding gas expansion aids in
designing ventilators and breathing apparatus.



Safety Considerations

When gases expand rapidly or under high pressure, safety precautions are vital to prevent
accidents. Proper containment, pressure relief systems, and understanding the
thermodynamics involved help mitigate risks.

Conclusion: Key Takeaways for Gas Expansion

- The behavior of gases during expansion depends on the conditions—whether they are
isothermal, adiabatic, isobaric, or isochoric.

- The ideal gas law provides a versatile tool for calculating changes in volume, pressure,
temperature, and moles.

- In a typical scenario, expanding a gas from 5.00 L at 100 K will result in a larger volume
if the temperature increases or pressure decreases, following the relevant gas law.

- Practical applications of these principles are widespread, impacting engineering,
atmospheric science, medicine, and industrial processes.

- Always consider safety implications when dealing with gas expansions, especially at high
pressures or with reactive gases.

By mastering these concepts, you can confidently analyze and predict the behavior of
gases in various scientific and practical situations. Whether you're a student, researcher,
or professional, understanding gas expansion fundamentals is essential for effective
problem-solving and innovation.

For further learning:

- Explore detailed problems involving gas law calculations.

- Practice applying the ideal gas law with different initial conditions.

- Study thermodynamics to understand adiabatic and other complex processes more
deeply.

- Always use appropriate units and conversions when performing calculations.

If you have specific data or conditions, plugging them into the relevant gas law formulas
will enable precise predictions about the expansion behavior of gases in your applications.

Frequently Asked Questions

What happens to the temperature of the gas when a
container containing 5.00 L of gas at 100 K expands
freely?

The temperature remains constant at 100 K during free expansion since no heat is
exchanged or work is done on the surroundings.



How can we calculate the final volume of the gas after
expansion if the temperature remains constant?

If the gas is ideal and the temperature remains constant, the final volume can be
determined using Boyle's Law: P1V1 = P2V2, assuming pressure change, or directly from
the expansion process if volume changes at constant temperature.

What is the significance of the initial conditions of 5.00
L and 100 K in the expansion process?

These initial conditions define the starting state of the gas, which is essential for
calculating changes during expansion, especially when applying gas laws such as Boyle's
or Charles's law.

If the gas expands to a larger volume, how does the
pressure change at constant temperature?

At constant temperature, as volume increases, pressure decreases proportionally
according to Boyle's Law: P1V1 = P2V2.

Can the expansion of the gas be considered adiabatic,
and what does that imply?

If the expansion occurs without heat exchange, it is adiabatic. In an adiabatic expansion,
the gas cools as it does work on the surroundings, leading to a decrease in temperature.

What is the role of the ideal gas law in analyzing this
expansion?

The ideal gas law (PV = nRT) helps relate pressure, volume, and temperature during the
expansion, assuming the gas behaves ideally and the amount of gas remains constant.

How would the final state of the gas be determined if
the expansion is isothermal?

If the expansion is isothermal (constant temperature), the final volume can be found using
Boyle's Law, keeping T constant, and knowing initial conditions.

What potential real-world applications involve
expanding gases in containers?

Applications include internal combustion engines, pneumatic systems, and pressurized gas
storage where gases expand or are released to perform work or change conditions.



What safety considerations are important when dealing
with expanding gases in containers?

It's crucial to ensure containers are rated for pressure changes, avoid rapid expansions
that could cause ruptures, and monitor temperature and pressure to prevent accidents.

How does temperature affect the behavior of gases
during expansion?

Temperature influences the kinetic energy of gas molecules; during expansion at constant
temperature, the gas's pressure decreases, but the temperature remains unchanged,
assuming ideal behavior.

Additional Resources
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Understanding the behavior of gases during expansion is a fundamental aspect of
thermodynamics, often encountered in both academic pursuits and practical applications
such as engineering, meteorology, and chemical processing. In this detailed review, we
will explore the process of a gas initially confined in a container, collected at a specified
temperature, and then allowed to expand under various conditions. The specific scenario
involves a 5.00 L container filled with a gas at 100 K, which then undergoes expansion.
Our goal is to analyze the thermodynamic principles involved, the calculations needed to
predict outcomes, and the implications of different expansion processes.

Introduction to Gas Expansion Processes

Gas expansion involves increasing the volume occupied by a gas, which can be achieved
through various mechanisms and under different conditions. The expansion process
affects the thermodynamic properties of the gas — pressure, temperature, internal energy,
entropy, and enthalpy. To fully understand the process, it’s essential to distinguish
between different types of expansion:

- Free Expansion: The gas expands into a vacuum without doing work and without heat
exchange. It is an idealized process illustrating concepts of entropy and irreversibility.

- Expansion Against a Constant External Pressure: The gas expands against a constant
pressure, doing work on the surroundings.

- Isothermal Expansion: The temperature remains constant during expansion, often
requiring heat exchange.

- Adiabatic Expansion: No heat exchange occurs; temperature changes depend on the
initial and final states.

- Polytropic Expansion: A generalized process where the pressure-volume relation follows



\(PV™n = \text{constant}\), with \(n\) determining the nature of the process.

The specific scenario described in the problem involves expansion from an initial volume
at a given temperature, leading us to identify the conditions and parameters that influence
the process.

Initial Conditions and Data

Before delving into the analysis, we need to establish the initial conditions clearly:

- Initial Volume, \(V _i\): 5.00 L

- Initial Temperature, \(T i\): 100 K

- Initial Pressure, \(P i\): To be determined based on the ideal gas law.

- Gas Type: Not specified; assume an ideal gas for simplicity unless stated otherwise.
- Number of Moles, \(n\): To be calculated.

Using the ideal gas law:

\[

PV = nRT
\]

Where:

-\(P\) = pressure in atm or Pa

-\(V\) = volume in L or m3

-\(n\) = number of moles

-\(R\) = ideal gas constant (8.314 J/(mol-K))
-\(T\) = temperature in Kelvin

Assuming the initial pressure \(P i\) is not specified, we can express \(n\) in terms of
\(P_i\):

\[
n = \frac{P iV i}{RT i}
\]

This general form allows us to analyze various expansion scenarios regardless of the initial
pressure.

Calculating the Initial State



Suppose the initial pressure is known or can be assumed, for instance, 1 atm (101.3 kPa),
for illustrative purposes:

\[

n = \frac{(101.3 \times 1073\, \text{Pa}) \times 0.005\, \text{m}~3}{8.314)\,
\text{J/(mol-K)} \times 100\, \text{K}} = \frac{506.5\, \text{J}}{831.4\, \text{J/mol}}
\approx 0.61\, \text{mol}

\]

This initial estimate helps in further calculations. The initial pressure, temperature, and
molar amount form the basis for understanding subsequent expansion.

Types of Expansion and Their Thermodynamic
Implications

The nature of the expansion process significantly impacts the thermodynamic analysis.
Let's examine the most common types:

1. Isothermal Expansion

- Condition: \(T = \text{constant} = 100\, \text{K}\)

- Work Done:

\[

W = nRT \In\frac{V f}{V i}
\]

- Change in Internal Energy:

\[
\Delta U =0

\]

- Heat Exchange:

\[
Q=W
\]

- Implication: Since temperature remains constant, the internal energy doesn't change, but
entropy increases due to the increased volume.



2. Adiabatic Expansion

- Condition: \(Q = 0\)
- Relation between \(P\), \(V\), and \(T\):

\[
TV~ {\gamma - 1} = \text{constant}
\]

where \(\gamma = C p/ C v\).

- Work Done:

\[

W =\frac{P iV i-P fV f}{\gamma - 1}
\]

- Temperature Change:

\[
T f=T i\left(\frac{V i}{V f}\right)”{\gamma - 1}
\]

- Implication: The temperature decreases if the gas expands adiabatically.

3. Free Expansion

- Condition: No work done, no heat exchange.
- Implication: Entropy increases, internal energy remains constant if ideal gas.

4. Polytropic Expansion

- Relation:

\[
PV~™n = \text{constant}

\]

- Work:

\[
W = \frac{P fV f-P iV i}{1-n}
\]

- Temperature Change:



\[
T f=T i\left(\frac{V f}{V iH\right)~{n -1}
\]

Understanding which process applies depends on the physical constraints and the nature
of the surroundings during expansion.

Calculations for Expansion Scenarios

Suppose the gas expands from its initial state to a final volume \(V_f\). The process
specifics dictate the calculation approach.

Scenario A: Isothermal Expansion

Assuming the gas expands isothermally from 5.00 L to a larger volume \(V_f\):
- Final Volume:

\[
V_f = \text{unknown, to be determined based on desired outcome}

\]

- Work Done:

\[

W {iso} = nRT \In\frac{V f}{V i}
\]

- Entropy Change:

\[
\Delta S = n R \In\frac{V f}{V i}
\]

This process is ideal for understanding maximum work extraction and entropy
considerations.

Scenario B: Adiabatic Expansion to a Known Final
Volume

Suppose the gas expands adiabatically to a volume \(V f\):



- Final Temperature:

\[
T £f=T i\left(\frac{V i}{V f}\right)”{\gamma - 1}
\]

- Final Pressure:

\[

P f=P i\left(\frac{V i}{V f}\right)~\gamma
\]

- Work Done:

\[

W {ad} =\frac{P iV i-P fV f}{\gamma- 1}
\]

- Implication: The temperature drops during expansion, influencing the internal energy.

Entropy and Energy Considerations

A critical aspect of expansion processes is the entropy change, which indicates
irreversibility and the directionality of spontaneous processes.

- Entropy Change for Ideal Gas:

\[
\Delta S = n R\In \frac{V f}{V i} + n C v\In \frac{T f}{T i}

\]

or, if the process is isothermal:

\[
\Delta S = n R\In \frac{V f}{V i}
\]

- Internal Energy Change:

\[
\Delta U =n C v\Delta T

\]

- Enthalpy Change:

\[
\Delta H=nC p\Delta T



\]

In ideal gases, internal energy depends solely on temperature, so during expansion at
constant temperature, \(\Delta U = 0\).

Practical Implications and Applications

Understanding the expansion of gases from a confined container has numerous practical
applications:

- Engine Cycles: Internal combustion engines use adiabatic and isothermal
expansion/compression cycles.

- Refrigeration and Air Conditioning: Expansion valves operate on principles of adiabatic
expansion.

- Atmospheric Phenomena: Air parcels expanding and cooling as they rise.

- Chemical Reactors: Gas expansion impacts reaction conditions and yields.

In industrial settings, controlling the type of expansion process allows optimization of
work output, energy efficiency, and process safety.

Summary and Final Thoughts

This comprehensive analysis underscores the importance of thermodynamic principles in
predicting and understanding gas behavior during expansion. Key takeaways include:

- The initial state parameters significantly influence the outcome of the expansion.
- The choice of expansion process (isothermal, adiabatic, free, polytropic) dictates the
thermodynamic calculations
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