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Understanding the thermodynamics and physical properties of materials in contact with gases is
fundamental in many scientific and engineering applications. In this article, we will explore the
process of determining the molar quantity of nitrogen gas in contact with a rubber plate under
specific conditions—namely, at a temperature of 298 K and a pressure of 250 kPa. This
comprehensive guide will cover the theoretical background, step-by-step calculations, and practical
considerations involved in solving such problems.

Introduction to Gas Laws and Their Relevance

The behavior of gases under various conditions is primarily described by the ideal gas law, which
relates pressure, volume, temperature, and the number of moles of gas. The ideal gas law is
expressed as:

\[ PV = nRT\]

Where:
-\( P) is the pressure,
\( V') is the volume,
\(n) is the number of moles,
-\(R)) is the universal gas constant,
\( T) is the temperature in Kelvin.
In real-world scenarios, gases may deviate from ideal behavior, especially under high pressure or
low temperature. However, for most practical purposes at standard conditions, the ideal gas law

provides a reliable approximation.

Understanding the Physical Context

Before delving into calculations, it’s important to clarify the context and assumptions:

- The rubber plate is in contact with nitrogen gas, possibly in a sealed environment or exposed to the
atmosphere.

- The temperature is specified at 298 K (approximately 25°C), which is close to standard room
temperature.

- The pressure of the nitrogen gas is 250 kPa, which is above atmospheric pressure (101.3 kPa),
indicating a compressed state.



- The goal is to determine the number of moles of nitrogen gas present in contact with the rubber
plate, which could be relevant for material testing, chemical reactions, or thermodynamic studies.

Step-by-Step Calculation for Moles of Nitrogen Gas

To find the molar quantity of nitrogen in contact with the rubber plate, we need to know the volume
of the gas involved. Since the problem statement does not specify volume directly, we will consider
two common scenarios:

- Scenario 1: The volume of the gas is known or provided.
- Scenario 2: The volume is unknown, and we need to assume or estimate it based on additional data.

Below, we assume the volume is known or can be measured. The calculation process will be similar
in either case.

1. Gather Known Data

| Parameter | Value | Units | Description |

| | | I |

| Pressure \( P\) | 250 | kPa | Given pressure |

| Temperature \( T'\) | 298 | K | Given temperature |

| Volume \( V\) | ? | m3 or L | To be specified or assumed |

| Gas constant \( R\) | 8.314 | J/(mol-K) | Universal gas constant |

Note: If the volume is given in liters, convert it to cubic meters for SI unit consistency (1 L = 0.001
m3).

2. Convert Units if Needed

Ensure all units are compatible:

- Pressure in Pascals: \( 1\,\text{kPa} = 1000\ \text{Pa} \), so \( 250\, \text{kPa} =
250,000\,\text{Pa}\).

- Volume in cubic meters (m3).

- Temperature in Kelvin (already given).

3. Apply the Ideal Gas Law

Rearranged to solve for the number of moles:
\[ n = \frac{PV}{RT} \]

Substituting the known values:



\[ n = \frac{(250,000\\text{Pa}) \times V}{8.314\ \text{]J/(mol-K)} \times 298\ \text{K}} \]
This simplifies to:
\[ n = \frac{250,000 \times V}{2476.772} \]

Thus, the number of moles depends directly on the volume \( V'\).

4. Example Calculation

Suppose the volume of nitrogen in contact with the rubber plate is 1 liter (L):
- Convert volume to cubic meters:

\[V = 1\\text{L} = 0.001\\text{m}~3\]

Plug into the formula:

\[ n = \frac{250,000 \times 0.001}{8.314 \times 298} \]

\[ n = \frac{250}{2476.772} \approx 0.101\, \text{mol} \]

This means approximately 0.101 moles of nitrogen gas are in contact with the rubber plate in a 1-
liter volume at the specified conditions.

Factors Affecting the Calculation

While the above example demonstrates the calculation process, real-world applications must
consider various factors:

1. Gas Deviations from Ideal Behavior

At higher pressures or lower temperatures, gases tend to deviate from ideality. In such cases, real
gas equations like the Van der Waals equation may provide more accurate results:

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

Where:
-\(a\) and \( b \) are gas-specific constants.

For nitrogen, typical values of \( a\) and \( b \) are used to correct deviations.



2. Volume Considerations

Understanding whether the volume refers to the entire container, the contact area, or a specific
portion is essential. In many experiments, the volume of the gas in contact with the rubber is
determined by the setup geometry.

3. Temperature and Pressure Variations

Environmental fluctuations can influence the amount of gas in contact with the material. Accurate
measurements and controlled conditions are vital for precise calculations.

Practical Applications of Determining Moles of
Nitrogen Gas

Knowing the molar quantity of nitrogen in contact with a rubber plate has several practical uses:

- Material Testing: Evaluating how rubber responds to gas exposure, including permeability and

aging.

- Chemical Reactions: Calculating reactant quantities in chemical processes involving nitrogen.

- Thermodynamics: Studying heat transfer, pressure changes, and related properties.

- Industrial Applications: Designing systems like nitriding processes, gas insulation, or packaging.

Additional Considerations and Advanced Topics

Beyond basic calculations, several advanced topics are relevant:

1. Gas Diffusion Through Rubber

Understanding how nitrogen permeates rubber involves Fick’s laws of diffusion. The molar flux
depends on concentration gradients and material properties.

2. Thermodynamic Equilibrium

Assessing whether the system reaches equilibrium involves analyzing partial pressures, chemical
potentials, and diffusion rates.



3. Temperature-Dependent Properties

Rubber’s physical properties change with temperature, affecting gas permeability and contact
behavior.

Conclusion

Determining the molar quantity of nitrogen gas in contact with a rubber plate at specified conditions
is a straightforward application of the ideal gas law, provided the volume is known or can be
estimated. By converting units appropriately and applying the formula:

\[ n =\frac{PV}{RT} \]

scientists and engineers can accurately assess gas quantities essential for material testing, chemical
calculations, and design considerations. Remember, real-world situations may require corrections
for non-ideal behavior or detailed system geometry analysis.

Summary of Key Steps:

- Convert all units to SI units.

- Gather all known parameters: pressure, temperature, volume.

- Use the ideal gas law to solve for the molar quantity.

- Adjust for real gas deviations if necessary.

- Apply the calculation to relevant volumes and conditions for your specific application.

Understanding these principles enables professionals to accurately quantify gases in contact with
solids, facilitating advancements across multiple scientific and industrial fields.

Frequently Asked Questions

What is the significance of temperature in calculating the
molar amount of nitrogen gas in contact with a rubber plate?

Temperature affects the gas's pressure and volume relationships according to the ideal gas law,
influencing the calculation of moles present in the system.

How do you apply the ideal gas law to determine the molar
quantity of nitrogen in this scenario?

Use the formula PV = nRT, where P is pressure, V is volume (if known), R is the ideal gas constant,
and T is temperature in Kelvin, to solve for n, the number of moles.



What additional information is needed to accurately calculate
the molar amount of nitrogen gas in contact with the rubber
plate?

The volume of the gas or the volume of the container in contact with the nitrogen is required to
determine the molar quantity accurately.

How does the temperature difference between 298 K and 250
K affect the molar calculation of nitrogen gas?

The temperature change impacts the gas's pressure-volume relationship; lower temperature at
constant volume results in fewer moles, according to the ideal gas law.

If the volume of the nitrogen gas is unknown, what
assumptions can be made to estimate the molar amount?

Assuming a standard volume or using typical container dimensions can help approximate the molar
quantity, but precise calculations require exact volume data.

Is nitrogen gas considered an ideal gas under the given
conditions, and how does this assumption affect calculations?

At 298 K and 250 kPa, nitrogen behaves approximately as an ideal gas, making the ideal gas law a
valid approximation for calculating moles.

What are common units used for pressure, volume, and
temperature in these calculations, and how should they be
converted?

Pressure is typically in atmospheres or pascals, volume in liters or cubic meters, and temperature in
Kelvin; conversions should be performed to ensure consistency in calculations.

Additional Resources
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Understanding the thermodynamic interactions between solids and gases is fundamental in fields
ranging from material science to chemical engineering. Imagine a rubber plate in contact with
nitrogen gas under specific conditions—namely, at a temperature of 298 Kelvin and a pressure of
250 kilopascals. While the initial prompt appears to ask for the "molar" something—most likely the
molar amount or molar volume—it's essential to clarify the context and underlying principles to
arrive at a meaningful and accurate calculation.

This article aims to explore the process of determining the molar amount (or related thermodynamic



properties) of nitrogen gas in such a scenario. We'll walk through the fundamental concepts
involved, including the ideal gas law, assumptions, and possible interpretations of the problem,
providing a comprehensive, reader-friendly guide to tackling such thermodynamic calculations.

Understanding the Context: Rubber Plate and Nitrogen
Gas Interaction

Before delving into calculations, it's crucial to understand the physical setup and what the problem
entails.

The Physical Setup:

- A rubber plate is in contact with nitrogen gas.
- The gas is maintained at a temperature of 298 K.
- The gas exerts a pressure of 250 KPa on the rubber plate.

Potential Objectives of the Calculation:

- Determining the amount of nitrogen gas in moles present in the system.

- Calculating the molar volume of nitrogen gas under the given conditions.

- Understanding the thermodynamic interaction between the rubber and the nitrogen gas, which
may involve considerations of pressure, temperature, and volume.

Given the initial statement, the most straightforward interpretation is that the goal is to determine

the number of moles of nitrogen gas involved in the contact—i.e., the molar quantity—using the
known conditions.

Fundamental Principles: The Ideal Gas Law

At the heart of many thermodynamic calculations involving gases lies the Ideal Gas Law, expressed
as:

\[ PV = nRT\]
Where:
\( P\) = pressure (in Pascals)

)
-\(V\) = volume (in cubic meters)
n \) = number of moles of gas
R\) = ideal gas constant (\(8.314\, \mathrm{]J\,mol”™ {-1}\,K~{-1}}\))
T\) = temperature (in Kelvin)

This law assumes that the gas behaves ideally, meaning interactions between molecules are



negligible, and the molecules themselves occupy no volume. While real gases deviate from ideality at
high pressures or low temperatures, nitrogen at 250 KPa and 298 K generally behaves close enough
to an ideal gas for preliminary calculations.

Interpreting the Problem: What Data Is Needed?

To determine the molar quantity of nitrogen gas, we need specific information:
- The volume of the gas in contact with the rubber plate (or the volume of the container holding the
gas)

- The pressure exerted by the gas
- The temperature of the gas

In this problem, the pressure and temperature are provided, but the volume is not explicitly
specified. This omission suggests one of two scenarios:

1. Given a specific volume, we can directly calculate the number of moles.
2. The problem is to find the molar volume of nitrogen under the given conditions, which can then be

used to infer the molar amount if the total volume is known.

For comprehensive understanding, we will consider both approaches.

Calculating Moles of Nitrogen Gas Using the Ideal Gas
Law

Assuming we know the volume \( V'\), the number of moles \( n\) can be calculated directly.
Step 1: Convert pressure to Pascals
Given pressure: 250 KPa

\[
P = 250\, \text{kPa} = 250,000\, \text{Pa}

\]

Step 2: Use the ideal gas law

\[
n = \frac{PV}{RT}
\]

Step 3: Plug in known values



\[

n = \frac{(250,000\, \text{Pa}) \times V}{8.314\, \mathrm{]J\,mol” {-1}\,K~{-1}} \times 298\,
\text{K}}

\]

Step 4: Simplify

\[

n = \frac{250,000 \times V}{8.314 \times 298}
\]

Calculating denominator:

\[
8.314 \times 298 \approx 2477.6
\]

Thus,

\[
n \approx \frac{250,000 \times V}{2477.6}
\]

which simplifies to:

\[
n \approx 100.86 \times V
\]

where \( V) is in cubic meters, and \( n \) in moles.

Note: If the volume \( V'\) is given or can be measured, this formula yields the number of moles of
nitrogen gas.

Determining Molar Volume of Nitrogen at Given
Conditions

If the volume is not specified, a common approach is to find the molar volume of nitrogen under the
specified conditions.

Molar volume is the volume occupied by one mole of gas at a given temperature and pressure.
Using the ideal gas law:

\[
V. m = \frac{V}{n} = \frac{RT}{P}



\]

where:

-\(V_m) = molar volume (m3/mol)
Plugging in the known values:

\[
V_m = \frac{8.314\, \mathrm{J\,mol~{-1}\, K" {-1} } \times 298\, \text{K} } {250,000\, \text{Pa}}

\]

Calculate numerator:

\[
8.314 \times 298 \approx 2477.6

\]

Therefore,

\[
V m = \frac{2477.6} {250,000} \approx 0.00991\, \text{m} "~ 3/\text{mol}

\]

or

\[
V_m \approx 9.91\, \text{liters/mol}

\]

since \(1\, \text{m} "3 = 1000\, \text{liters}\).

Implications and Real-World Applications

Understanding the molar quantity and molar volume of nitrogen at these conditions has broad
applications:

- Material Testing: When designing rubber or polymer materials that interact with gases, knowing
the gas's molar volume helps predict pressure effects, permeability, and durability.

- Industrial Processes: In processes like nitrogen purification, cryogenics, or inert gas blanketing,
accurate calculations of molar amounts are critical for safety and efficiency.

- Thermodynamic Modeling: Engineers and scientists use such calculations to model heat transfer,
gas flow, and pressure changes in systems involving rubber components and gases.



Additional Considerations: Deviations from Ideal
Behavior

While the ideal gas law provides a solid approximation, real gases exhibit deviations, especially at
high pressures or low temperatures. For nitrogen:

- Van der Waals Equation can be used to account for molecular volume and intermolecular forces:

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

where \(a\) and \( b \) are substance-specific constants.
- For nitrogen, typical values are:

-\(a\approx 1.370\, \mathrm{Pa\,m”~6\,mol”~ {-2}} \)
-\( b \approx 3.91 \times 10" {-5}\, \mathrm{m~3\,mol™~{-1}} )

Using these constants refines the calculation, especially at higher pressures.

Conclusion: Synthesis of Calculations and Practical
Insights

In summary, the process of determining the molar amount of nitrogen in contact with a rubber plate
at 298 K and 250 KPa involves fundamental thermodynamics principles and the ideal gas law. When
the volume of the system is known, direct calculation of moles is straightforward:

\[
n = \frac{PV}{RT}
\]

Alternatively, the molar volume at the specified conditions is approximately 9.91 liters per mole,
providing a useful reference for systems where the total volume is known or can be estimated.

Understanding these calculations enables engineers and scientists to design better materials,
optimize industrial processes, and predict system behaviors with confidence. While the simplified
ideal gas law offers valuable insights, always consider the potential need for corrections based on
real gas behavior for precise applications.

By mastering these fundamental concepts, professionals can confidently analyze and interpret
thermodynamic interactions in a variety of practical contexts, contributing to innovations and
improved safety standards across multiple industries.
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