Two Flexible Containers For Gases Are At The
Same Temperature And Pressure. One Holds
0.50 Grams Of Hydrogen

Two Flexible Containers For Gases Are At The Same Temperature And Pressure. One Holds
0.50 Grams Of Hydrogen and the other contains an unknown gas. This scenario provides an
excellent opportunity to explore fundamental concepts in gas behavior, including the ideal gas law,
molar relationships, and how different gases can be compared under the same conditions.
Understanding these principles is crucial in fields ranging from chemical engineering to atmospheric
science. In this article, we will delve into the details of this setup, analyze the properties of the gases
involved, and discuss the implications of having two containers at identical temperature and
pressure.

Understanding the Basic Concepts of Gas Behavior

The Ideal Gas Law

The ideal gas law is a fundamental principle that relates the pressure, volume, temperature, and
number of moles of a gas:

PV =nRT

- P: Pressure of the gas

- V: Volume of the gas

- n: Number of moles

- R: Universal gas constant (8.314 J/(mol-K))
- T: Temperature in Kelvin

This law assumes gases behave ideally—meaning their particles do not interact and occupy
negligible volume. While real gases deviate from this behavior at high pressures or low
temperatures, the ideal gas law provides a good approximation under many conditions.

Analyzing the Given Scenario

The key details are:

- Both containers are at the same temperature and same pressure.
- The first container holds 0.50 grams of hydrogen (H-z).

- The second container contains an unknown gas.



The question arises: What can we infer about the unknown gas based on these conditions?

Calculating the Moles of Hydrogen

To compare the two gases, we first need to determine the number of moles of hydrogen in the first
container.

Molar Mass of Hydrogen

Hydrogen gas (H:) has a molar mass:

- Hydrogen atomic mass: approximately 1.008 g/mol
- Since Hz is diatomic: 2 x 1.008 g/mol = 2.016 g/mol

Number of Moles in the First Container

Using the formula:

n = mass / molar mass

Calculations:

n H2=0.50g/2.016 g/mol = 0.248 mol

So, the first container contains approximately 0.248 moles of Ho.

Implications of Same Temperature and Pressure

Given that both containers are at the same temperature and pressure, and assuming they have the
same volume, several important points follow:

1. Equal Moles of Gas at Same Conditions:
If the volumes are identical, then the second container must contain approximately 0.248 moles of
its gas to match the pressure and temperature, based on the ideal gas law.

2. Different Gases, Same Conditions:

Since the second container’s gas is unknown, its molar mass determines its behavior under these
conditions. For example, if the unknown gas has a higher molar mass than hydrogen, its volume at
the same pressure and temperature would be different, unless the volume is adjusted.

3. Pressure and Molecular Weight Relationship:



Under the same P, V, and T, gases with different molar masses but the same number of moles
behave similarly in terms of pressure and volume.

Comparing the Two Gases

Molar Mass and Gas Identity

Knowing the amount of hydrogen allows us to compare it with the unknown gas:

- If the second container has the same volume and temperature, then it contains the same number of
moles (=0.248 mol).

- The identity of the unknown gas affects how it behaves under these conditions, especially if its
molar mass differs from hydrogen.

Possible Scenarios

- Same Molar Mass: The unknown gas could be hydrogen or another diatomic gas like oxygen (Oz,
molar mass = 32 g/mol).

- Different Molar Mass: The unknown could be a heavier or lighter gas, affecting its volume, density,
and other properties.

Understanding Gas Laws Through Examples

To deepen our understanding, consider these practical applications and calculations:

Example 1: Calculating Volume of Hydrogen
Suppose the temperature is 298 K (25°C), and the pressure is 1 atm. Using the ideal gas law:

V=(mRT)/P

Where:

-n = 0.248 mol

-R =0.082057 L-atm/(mol-K)
-T=298K

-P=1atm

Calculation:

V Hz = (0.248 mol x 0.082057 L-atm/(mol-K) x 298 K) / 1 atm



V Hz = (0.248 x 0.082057 x 298) / 1
V H2 = (0.248 x 24.447)
V _H: = 6.06 liters

This means that 0.50 grams of hydrogen occupies roughly 6.06 liters under these conditions.

Example 2: Inferring the Unknown Gas’s Molar Mass

If the second container is found to have a volume of 6.06 liters under the same conditions, then:

- It contains approximately 0.248 mol of the unknown gas.
- If the mass of the unknown gas is measured, its molar mass can be calculated:

Molar mass = mass / molar amount
Suppose the unknown gas weighs 2 grams:
Molar mass = 2 g / 0.248 mol = 8.06 g/mol

This molar mass suggests a different identity, perhaps a lighter gas or a mixture.

Practical Applications and Implications

Understanding the behavior of gases in such scenarios has numerous real-world applications:
¢ Gas Storage and Transportation: Knowing how gases behave at identical conditions aids in
designing containers and predicting storage capacities.

¢ Chemical Reactions: Molar relationships help in stoichiometry calculations, ensuring correct
proportions of reactants.

¢ Environmental Science: Comparing atmospheric gases under the same conditions can help
in pollution analysis and climate modeling.

¢ Industrial Processes: Accurate control of gas conditions is essential in manufacturing, such
as in the production of hydrogen or synthesis gases.



Conclusion

The scenario of two flexible containers containing gases at the same temperature and pressure, with
one holding hydrogen, exemplifies fundamental principles of gas behavior and ideal gas law
applications. By calculating the number of moles and understanding the relationships among
pressure, volume, temperature, and molar mass, we can infer critical properties of the unknown gas.
Such analyses are vital in scientific research, industrial applications, and environmental studies,
highlighting the importance of mastering these basic concepts in chemistry and physics. Whether
comparing gases for laboratory experiments or designing large-scale storage systems,
understanding these principles provides a foundation for accurate predictions and effective decision-
making.

Frequently Asked Questions

What is the significance of two flexible containers being at the
same temperature and pressure when containing different
gases?

It indicates that both gases are under identical thermodynamic conditions, allowing for comparisons
of their properties, such as molar amounts, based on their masses and molar masses.

Given that one container holds 0.50 grams of hydrogen, how
can we determine the amount of gas in moles?

We can calculate the moles of hydrogen using its molar mass: moles = mass / molar mass. For
hydrogen, molar mass = 2 g/mol, so moles = 0.50 g / 2 g/mol = 0.25 mol.

If both containers are at the same temperature and pressure,
what can be inferred about the volume occupied by each gas?

Using the ideal gas law, since temperature and pressure are equal, the volume occupied by each gas
is proportional to the number of moles. Therefore, the container with hydrogen (0.25 mol) occupies a
volume proportional to its molar amount.

How does the molar mass of gases affect their behavior in
different containers at the same temperature and pressure?

Gases with different molar masses will have different densities and may occupy different volumes if
the amount in moles differs, but at the same temperature and pressure, the volume per mole
remains consistent; the molar mass influences density but not the volume per mole.

Can the amount of gas in the second container be determined



if its pressure, temperature, and volume are known?

Yes, by using the ideal gas law PV = nRT, where P, V, T, and R are known, one can solve for n
(moles), and then determine the mass if needed.

Why is it important to understand the relationship between
mass, moles, and conditions like temperature and pressure in
gas containers?

Understanding this relationship allows us to predict and compare the behavior of different gases
under various conditions, which is essential in applications like chemical reactions, gas storage, and
industrial processes.

Additional Resources

Two Flexible Containers For Gases Are At The Same Temperature And Pressure. One Holds 0.50
Grams Of Hydrogen

Introduction

In the realm of thermodynamics and gas behavior, understanding how different containers and their
contents interact under various conditions is fundamental. The statement that "Two flexible
containers for gases are at the same temperature and pressure. One holds 0.50 grams of hydrogen"
opens a fascinating discussion on the principles governing gases, especially when considering the
unique properties of hydrogen. This article aims to explore the implications of this scenario,
investigate the underlying physics, and analyze potential experimental setups, outcomes, and real-
world applications.

Fundamental Principles of Gases in Flexible Containers
The Ideal Gas Law as a Foundation

At the core of gas behavior lies the Ideal Gas Law:

\[ PV = nRT\]

where:

-\( P\) = pressure

-\(V\) = volume

-\(n\) = number of moles

-\( R\) = universal gas constant
-\(T\) = temperature

This equation indicates that, for gases in equilibrium, pressure, volume, and temperature are tightly



linked via the amount of gas present.

Flexibility of Containers and Its Effect

Flexible containers, unlike rigid ones, can change their volume in response to internal pressure or
temperature variations. When two such containers are at the same temperature and pressure, their
volumes are not necessarily equal, especially if the amount of gas present differs.

Key Assumptions for the Scenario

- Both containers are perfectly flexible and able to adapt volume freely.

- They are isolated from external influences, ensuring constant temperature and pressure.
- The gases are ideal, with negligible interactions beyond elastic collisions.

The Scenario: Two Containers at Same T and P

Imagine two flexible containers, both at identical temperature \( T \) and pressure \( P \). Container A
holds 0.50 grams of hydrogen; Container B contains an unspecified amount of gas, which could be
the same or different.

Determining Moles and Volume for Hydrogen

Given:

- Mass of hydrogen, \( m = 0.50\, \text{g} \)

- Molar mass of hydrogen, \( M _{H 2} = 2.016\, \text{g/mol} \)

Number of moles \(n_{H 2} \):
\[n {H 2} =\frac{m}{M {H 2}} =\frac{0.50}{2.016} \approx 0.248\, \text{mol} \]

Applying the ideal gas law:
\[ V_ {H 2} =\frac{nRT}{P} \]

Since \( T'\) and \( P \) are identical for both containers, the volume of hydrogen, \(V_{H 2} ),
depends solely on the amount of gas.

Analyzing the Physical State of the Containers

Equal Pressure and Temperature: What Does It Imply?

Given both containers are at the same \( P\) and \( T \):

- They are in thermodynamic equilibrium.

- If the gases are identical, they should have the same molar quantities or volume ratios.
- If gases differ, partial pressures must be considered.

Key Considerations

- The flexibility of the containers allows volume adjustments.



- For the same \( P \) and \( T'\), the number of moles \( n \) directly influences the volume \( V'\).
Suppose:

- Container A: holds 0.50 grams of hydrogen.
- Container B: holds a different gas or a different amount.

This leads us to explore various scenarios.

Scenario 1: Both Containers Hold Hydrogen

If both containers hold hydrogen at the same \( T \) and \( P \), but different masses, their volumes
differ proportionally.

- For 0.50 g (0.248 mol), the volume is \( V_{A}\).
- For a different mass \( m'\), with \( n' = \frac{m'}{2.016} \), volume \( V_{B} \) scales accordingly.

Since both are at the same \( P\) and \( T'\):

\[ V_{A} \propto n {A} \]
\[ V_{B} \propto n_{B}\]

Thus, the ratio of their volumes:
\[ \frac{V_{A}}{V {B}} =\frac{n {A}}{n {B}}\]

This proportionality emphasizes that the container holding more hydrogen will occupy a larger
volume under identical conditions.

Scenario 2: One Container Holds Hydrogen, the Other Holds a Different Gas

Suppose Container A contains hydrogen (0.50 g), and Container B contains an ideal gas, say,
nitrogen, at the same \( T\) and \( P \).

Key differences:

- Molar mass of nitrogen, \( M_{N 2} = 28.0\, \text{g/mol} \).
- The number of moles in Container B, \(n_{N 2} ), depends on the mass \( m_{N 2} \).

For the gases to be at the same pressure and temperature, their partial pressures and molar
quantities must satisfy:

\[V_{A} =\frac{n {H 2} RT}{P}\]
\[ V_ {B} =\frac{n {N 2} RT}{P}\]

If both containers are of the same volume, then:



\[n {H 2} =n {N 2}\]
which implies the masses are:
\[m {N 2} =n {N 2} \timesM {N 2}\]

Given \(n_{H 2} \approx 0.248)\, \text{mol} \), the nitrogen must also have approximately 0.248 mol
to occupy the same volume at the same \( T \) and \( P \). The mass:

\[m {N 2} = 0.248 \times 28.0 \approx 6.94\, \text{g} \I

Thus, for the two gases to occupy identical volumes under the same \( T \) and \( P \), the mass of
nitrogen must be approximately 6.94 grams.

Real-World Applications and Implications

Hydrogen Storage and Safety

Hydrogen's lightness and small molar mass make it particularly interesting for storage solutions.
Flexible containers that can adjust volume based on gas quantity are vital in hydrogen fuel
applications, especially in mobile and portable systems.

Gas Separation and Purification

Understanding how gases behave in flexible containers aids in designing separation processes,
where different gases are stored, processed, or separated based on their molar quantities and
physical properties.

Thermodynamic Optimization

In processes involving gases at high pressures and variable temperatures, the ability to predict
container volumes and pressures helps optimize safety and efficiency.

Theoretical and Experimental Challenges
Ensuring Accurate Measurements

- Precise control of temperature and pressure is crucial.
- Flexible containers must be designed to prevent leaks and ensure uniform conditions.

Deviation from Ideal Behavior
- At high pressures or low temperatures, gases deviate from ideality.
- Hydrogen, with its small size and quantum effects, exhibits non-ideal behavior under certain

conditions.

Investigating Real Gases



Experimental setups involve:

- Precise measurement of gas mass.
- Monitoring of volume changes.
- Ensuring thermal equilibrium.

Advanced Topics: Quantum Effects and Hydrogen Behavior
Quantum Nature of Hydrogen

Hydrogen's small mass means quantum effects can influence its thermodynamic properties at low
temperatures, causing deviations from classical ideal gas behavior.

Effects on Container Dynamics

Quantum effects might slightly alter the expected volume and pressure relationships, especially in
highly flexible containers operating near cryogenic temperatures.

Conclusion

The scenario of Two Flexible Containers For Gases Are At The Same Temperature And Pressure.
One Holds 0.50 Grams Of Hydrogen offers a rich context for exploring fundamental gas laws,
container flexibility, and real-world applications. By analyzing the relationships between mass, molar
quantities, and volume under constant temperature and pressure, we gain insights into the behavior
of gases, particularly hydrogen, which plays a pivotal role in modern energy systems.

Understanding these principles is essential for advancing storage technologies, optimizing chemical
processes, and ensuring safety in handling gases. The delicate balance between theory and practical
considerations continues to drive research and innovation in this dynamic field, highlighting the
importance of fundamental physics in solving contemporary energy and environmental challenges.
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